eleltor 


LINEARICs MEMORIES EPROMS CRYSTALS __ INTERFACE ICS. 
MFID 
MK50398 
ML920 
MMS7160 
NES31 
NESS: 
NESE 
NES64 
NE565 
NE566 
NES67 
NES71 
NE5S344 
RC4136 
RCA151 
S5668 
SAA1900 
SAD10240, 
SFF96364 
L490 
‘SN76477 
SP8515 
TA7205 
TAAS5O 
TAA621 
TRAGAIAXY 
TBAG4IBX1 
TBAG4IB 
TBA6SI 
TBA8O0 
TBAB10 
TBA820 
TBA35O 
T¢9109 
TCA210 
TCA220 
TCAS40 
TOAI004A 
TDA1008 
TDAI010 
TOA1022 
TDA1024 
TOA10348 
TOA1170. 
TOA2002V 
TOA2020 24 
TL071/81 
1072/82 
TLO74 
TLO83 
TLOB4 
TLO94 
TL170 
UAA170 
ULN2003 
XR2206 
ZNa14 
ZNA19C 
ZNA24E 
ZNA25E 
2N426E 
ZNa27E 
2N428E 
ZN1034€ 
ZN1040E 
ZNA234 
ZNAI34 


741299 
74L$323 
74LS324 
74S348 
74LS352 
74LS353 
74LS363 
7aLs364 
7ALS365A 
7ALS367A 
74LS368A 
74L$373 
74LS374 
74LS375 
74LS377 
74S378 
7415390 
74.S393 
74L§399 
7aL S445 
74L$540 
7aLS541 
74LS610 
74LS640 
74L S641 
74.8642 
7AL S643 
74Ls64a 
74LS668 
74.8669 
74LS670 
74LS682 
74LS684 
7aLS687 


74¢244—160p. 


‘40109 
40110 AY 
40114 ‘AY1-5050 
40244 AY3-8910 
40245 ‘AY3-8912 
40287 ‘AYS.40070 
pit CA3019 
pe CA30280 
CA3046 
4508 CA30B0E 
meio CA3086 
ap CA3089E 
lg CA3090A0 
betes CA3130E 
ae CA3140€ 
ae CA3I60E 
ane CABI6IE 
ae CA3162E 
eet CABIBSE 
ae DAC1408-8 
ae HA1388 
pee ICL7106 
1CL8038 
4531 
beet) L351 
LF356P 
dese tmioc 
4536 
ee LMgora 
- mato 
888. wait 
4541 
prots tw3i8 
“ M319 
oe L324 
i339 
pied im3as 
4557 
pa w3sap 
4568 M377 
imaa0 


aces toe | 888 thsotan 


74¢373— 160p | 4572 
74¢374 1160p | 4593 rieees 


| 4000 CMOS ibaa M393 

4000 top | 4599 bee 
4001 top | 4724 8 

4002 tap | 40014 PTO) 

4006 50p | 40085 pees 

4007 14p | 40097 Pees 

4008 36p | 14411 

4009 24p | raan2 Unira?, 

4010 24p | 14433 tM748 

4011 ip | 14495 Urges 
4012 16p | 14500 ht 
4013 2op | 14599 Ueizey7. 
4018 4ap | co22100 heed 
4015 4op | co22101 700p | /M3909 
4016 2op | coz2102__700p | L M33) 
pied 320 ECTS (3915 
rH $8 [raco25400p | uag16 
4020 ‘ee 740928 —_600p | (13600 
Ae 48° | icoi72168 2000p | nagari2 
Pay 40 | icna7217A a0p | mcisioP 
ee 450 | ixsoa90N 750p | Mcrase 
aes gab | 2NI040€ 6700 | nicragst 


ite 3p mo 8, 
ae gop | 10116 Mc3ao1 


bite SH VOLTAGE REGULATORS: 


4029 45p 
402s Fixed Plastic 0-220 jacio7/8 


4031 1A 8C108/9 
4033 5v 45p |BC109/C 
4034 bv 45p [8C140 
4035, ay 45p [BC141 
4038 12v 45p |8C160 
4037 iv 45p [C161 
preg 18v 45p [8177 
re 2av 45p | 8C179¢ 


BC182/ 
4040 100MA + ve BC183/L 
4041 Sv -78L05 BC18a/L 
4042 Y2v_—78L12 30p 79L12 Sop Jacai2/L 
4043 15v78L15 | S0p_79L16 Sop |acaia/t 
4044 


BC214/L 
bat ‘OTHER REGULATORS ecaay 


LM309K 140p. 7 
‘oss tMar7T 200 Bca3e 
4047 LM323K 450p 8ca77 
4048 M723 30p 8C516/7 
4049 7BGUIC 200p 8¢5478 
4050 78HO5 550p ac54ac 
yaraa 7ALS 160A 4051 7BHGKC 600 
74143 74LS161A 4052 a 


74144 7ALS 162A 4053 DIODES 
74145 7ALS163A 4054 BY127 1p 
74147 74.8164 4055, ocp71 250p ORP61 1420p | OAA7 9p 
74148 7ALS165A 4056 ORPI2 90p TIL78 6p | 0AI0 9p 


74150 7ALS 166A, 4059 TIL32 55) 0A91 9p 
080 OPTO:ISOLATORS, 
Oe L074 


74151, 748170 0A95 9p 

LS oA’ 

74183 74LS173A 46s wore semen er] A202 2 
t60p TIL112 79) 

4087 003020 4 


74154 7aLs174 A202 10p 

74155 74LS175 2080 teen Tine we | iNet 
MSC2400___1 

4069 a pala 


74156 7atsiar Navas 
alee 7at$190 INaoo3/4 
74159 7aLsi91 4070 J Hees ep 
watch fatsios dep | aura tap Tao ed ton | INSSS2/2 fae | AICO ISO | AgoMWap 
V2p TIL212 Ye Sp “ 
iis eon He Rg 9 
74164 7418196 4076 crooner aie epi JUNIOR COMPUTER KIT 
mies 7alsis7 on RET SOCIO Ooh All Junior Computer Extension Boards available 
1 

74167 7atsz40 4082 Mop TiL3t1 §x0C tooRcoil | JUNIOR COMPUTER BOOK: 1£4 2,3 & 4 £4.50 ea 
74170 7ALS241 4086 1140p TIL312/3 y20vAc. £1.60 | TV Games Extension boards available, 
7ai72 rats2a2 4089, 2p T3202 ievocaoorcot | ELEKTERMINAL KIT £50 (plus £1 p & p) 
74173 748243 a ae es spoT2a2avoc | TELETEXTDECODERKIT £85 (plus £1 p & p) 
mae vases 4098 9p BAHGRAPH Yzovac £1.60 | (Decoding Board and Keyboard Elektor Nov. 81) 

4096 J2v 0C Reprint of Teletext articles £1.25 (plus large SAE) 

4097 PROGRAMMED EPROMS 


74176 748247 270R coil 
74177 748248 q 

dose ‘SPOT 10A 24v DC 2 x 2716 Intelekt Chess 
2716 TV Games 


74178 74LS249 
74180 745251 230VvAC £2.25 
40100 qavoc 4 
40101 71301 Elekterminal 


74181 74LS253 
74182 74LS257 200R coil 
DPDT 5A 24v DC 


7400 
7401 
7402 
7403 
7404 
7405 
7406 
7407 
7408 
7409 
7410 
7a 
7412 
7413 
7414 
7416 
7417 
7420 
7421 
7422 
7423 
7425 
7426 
7427 
7428 
7430 
7432 
7433 
7437 
7438 
7439, 
7440 
7441 
74424, 
7443, 
7444 
7445, 
74460, 


2650A 
B00p | 6502 
6800 
6802 
6809 
INS8060 
8080 
80854 
8088 
280 
400p | 2808 
2808 
TMS995 


2716 
2532 
2732 
2716 300nS 
2732 300nS 
3.57945MHz 
4,0MHz 


‘AY-5:-1013P- 
AY-5-1015P- 

Ime402 

R1602 

4 com e017 ‘ 
6522 
6532 
6551 
6821 
6850 
6852 
8205 
9212 
8216 
9224 
8228 
9251 
8253 
8255 
8257 
8259 
8271 
8279 
280P10 
Z80AP10 


71301 
748188 
748201 
748287 
748387 
748470 
748471 
748571 
748573 
828123 
825137 
93427 
93436 
93446 
93448 
BAUD RATE 
GENERATOR 
COM8116 —700p 
Mcia4i1 6675p 


‘CRT 5027 
CRT 5037 
CRT 6545 
Mce6e45 
cee? 
SFF96364 
9365 
EF9366 
‘T™MS9927 
TMS9928 
TM$9929 


375p 
BMHz UHF _450p 
TELETEXT 


DECODER 


74LS00 
74LS02 
74.803 
7ALS04 
74.805 
74LS08 
74LS09 
74.S10 
7atS11 
7ALS12 
741813 
74470 74814 
7448 74815 
7450 74.820 
7451 74821 
7453 74827 
7454 74.30 
7460 7aL$32 
7470 74LS33 
7472 7aL$37 
7473 74LS38 
7474 7aLSa2 
7475 74847 
7476 74LS51 
7480 7ALS55 
7481 74873 
7482 74874 
74834, 7a S75, 
7484 74S76 
7485 74.883 
7486 74.885 
7489 74. $86 
74900, 74LS90 
7491 7ALS92 
74920 74.893 
74930 74896 
7094 74LS107 
74954 74L$109 
7496 7ALS112 
7497 7ALS113 
74100 7aLS114 
74104 74S122 
74105 7ALS123 
74107 7aLS124 
74109 74LS125A 
74110 7ALS126A 
74111 7ALS132 
74112 74.8133 
74116 745136 
74118 745138 
74119, 74.8139 
74120 748145, 
74121 74.8147 
74122 745148 
74123, 741 $151 
74125 74LS153 
74126 74S 154 
74128 74LS 155, 
74132 748156 
74136 74.8157 
74141 74S 158 


‘SAA5030, £9 
KEYBOARD, SAA5041 £16 


ENCODER SAA5050 £9 
Z80CTC 


AY-5:2376 700p | EF9340 700p 
74C922N —-420p | EF9341 700p 
Z280SI0 1/2/3 £9 
WIRE WRAP SOCKETS BY TEXAS. 


LOW PROFILE DIL SOCKETS BY TEXAS 
Bpin 9p 18pin 16p 24pin 24 
14pin 19p 20pin 18p 28pin — 26p 
16pin Mp 22pin 2p 40pin — 30p 


JUMPER LEADS 


Ribbon cable with DIP Headers, 
14pin 16pin 24 pin 
Single End 145p 165p 240p 
Double End 210p 230p 345p 
24”” Ribbon cable with sockets 
20pin 26pin 34 pin 
Single End 160p 210p —270p 
Double End 290p 385p —490p 
24” Ribbon cable with edge conn. 
20 way 34 way 40 way 
Single End 275p 525p  600p 
24” Cable with 25 way D Connector 
Male 500p Female _540p 
IDC CONNECTORS: 
10 way 20 way 26 way 34 way 40 way 
Header 
Plug 
Recep. 
tacle 
Edge 
Conn. 


30p 18pin 
35p 20pin 
40p 22pin 


EURO CONNECTORS 


Plug 
300p 


50p 24 pin 
60p 28pin 
65p 40 pin 


0p 
80p 
1100p 


Socket 
350p 
400p 


40 pin 
380p 
S40p 


DIN 41612 2 « 32-way 
angled — 2 « 32-way 350p 
angled 3 « 32-way 400p 
(for 2 « 32 way specify a + bora +c) 
DIN 41617 31-way 200 


MIN. D CONNECTORS 
‘Sway 


675p 
800p 
1100p 
300p 
575p 
290p 
350p 


2p 
25p 
48p 
120p 
5p 
38p 
65p 
60p 
18p 
170p 
20 
35p 
25p 
24p 
35p 
35p 
35p 
90p 
80p 
50p 
S6p 
22p 
25p 
30p 
55p 
170p 
50p 
55p 
60p 
60p 
25p 
30p 
36p 
30p 
30p 
36p 
30p 
28p 
S8p 
175p 
200p 
200p 


40 pin 
340p 
540p 


200p 


1Sway 25way 
MALE 
135p 
230p 
FEMALE 
190p 
240p 


80. way 

650p 
solder 
angled 


200p 
265p 


9p 
160p 


solder 
angled 

hood (top/ 
sideentry) 100p —100p 
25 way Centronix Type Conn, 
37 way Gentronix Type conn, 


125p 
175p 


245p 
310p 


90p 150p 200p 240p 770p 


100p 


90p 165p 200p 240p 270p 


850) 
eer 200p 
ip 
12p 
16p 
20p 
Gop 
40p 
40p 
35p 
405 
754 
75p 
25p 
45p 
30p 
35p 
30p 
25p 
2ap 
24p 
75p 
225p 


250p 320p 380p 660p 


MPF102  30p = 2N2905A 
MPF103/4 30p =2N3053_25p. 
TAPF105 0p = 2N3054—S5p_ 
MPSA12 30p 2N3055 35p 
TiP29C — 40p--.2N3442_ 1140p. 
TIP318 = 40p = 2N3702/3 10p 
TIP31C 0p 2N3704/5 0p 
TIP32A/C 75p 2N3773 200p 
Tira2e Sop 2N3619 
rinse 70p 203820 
TIP35C 1150p = 2N3866 
TIP36C = 160p 9 2N3904/6 
TIP41C = §5p | 2N4871 
TIP42A = 0p) 2N5245 
TIPA2C = 6Op--2N5457/8 
rips? 0p 2NSH69 
Tipsa_— 16op N08? 
M2865 Sop GNtaov1_Y20p 
TIP3055 = 60p = 49673 75p 
2N2160 295p 40871/2 100p 
2N2219A 25p 

2N2222A 25p 

2N2484 « 25p 

2N2646__ 45p 


BC5S7a 
ac558B 
BC559C 
acy71/2 
80131 
80132 
D135 
80136 
80139 
802418 
802428 
BF2448 
BF256B 
8F257/8 
BF259 
BF337 
BFRBO/B) 
BFYSO/51 
BFYS2 
BFY90 
MJ2501 
MJ2955 _90p 
MJ3001_ 225p 
MJE2955 130p 
MJE3055_70p 
BRIDGES 


TA5OV 

TA100V 
1A600V 
2A50V 

2A100V 
2A400V 
3A200V 
4A100V 
4A400V 
6ASOV 

6A100V 
6A400V_ 


Eq = KEYBOARD 


SWITCHES 
Sq. Switch 
Digitast 
Mini Digitast 
Specify Colour 


EXPERIMENTOR 
BREADBOARDS 
Exp 300 
Exp 325 
Exp 360 
Exp 600 


50p 
75p 
75p 


40p 
40p 
40p 
4op 
40p 
40p 7 


0.92 
30p 79L05 


VALVO HUMIDITY SENSOR 
BL 30 HR COIL | 
MINI ORGAN IC SAA1900 


VERO BOARD: 
(COPPER CLAD) 
2.5" x 5" 90p 
25" 3.75" 80p 
MICRO BOARD 
Single Eurocard £3,80 
Double Eurocard £5.25 


Sp 


Vero Wiring Pen £3.40 
Wire Wrapping Too! £4.70 
Veropins (100/pkt)  50p 
Spotfacecutter £1.30 
Pin Insertion Too! £1.80 


7emGT2c 
79GUIC 
79HGKC 
78P05 
RC4195NB. 
TLag4 


140p 
225p 
650p 
900p 
150p 
300p 


LOGIC PROBE KIT 


ELEKTERMINAL KIT £50 + 70pp &p 


HOUSEKEEPER 


Full Kit as described in May Elektor 
Sockets for all l.C.’s 2K Prog EPROM 


£55 + £1p&p 


Power Supply 1:8A 8V 
suitable for the Housekeeper 


£7 + £1.10p &p 
£86 plus £1p & p 


OPTO-ELECTRONICS £12 


2N5777 40p ORPEO Plastic 
3A 400V 
6A 400V 
6ASO0V 90p 
BA400V 75p* 
8ASO0V 95p. 
12ASO0V 105p 
16ASOOV 130p 
7.28000 130p 
112060 S0p 
112260 70p 


120p TA50V 7p 
5A400V _50p 
BA 600V 140p 
16A100V200p 
C1060. 45p 
MCR101. 36p 
TiC44_—36p 
2N3525 130p 
24444 140p 
2N5060/4 40p 


ZENERS: 


Gop 
70p 


0,125" 
TIL220 Red 
TiL222 Gr 
T1228 Ye 
Rectangular 


‘OL 704 
0L707 Red 
L707 Gr 
OL 747 Red 
L747 Gr 
FNO357 
FNDS00 
FNDSO7 
MAN3640 
MAN4640 
MAN6610 


(p & p/book 70p) 


200p UDN6118 
UDN6184 


Junior Computer 
2708 Basic 


2716 Tape Management 
* SPECIAL OFFER 5 a 


74184 


74185A 


74186 
74188 
74190 
74191 


74LS258 
74LS259 
74LS266 
74LS273 
74LS279 
74LS283 


40102 
40103 
40104 
40105 
40106 
40107 


2u4b 80p 
2716 (¥5V) 2509 
2532 3560p 


4116-2 
4164-2 
6116P-3 


230v AC 


DIL REED RELAYS 


§-10v DC coil 
0-5A SPOT 


2716 Prog. Management 
82S23 Interface 
2716 Housekeeper 


£8 
£8 
£8 
£2.25 5 


£2.25 


2716 Disco Lights 


82S23 Freq. Counter (IC3C4) ea £5 


£8 
PCBs for most Elektor Projects available 


SEE OUR FULL PAGE ADVERT IN THIS ISSUE FOR DETAILS ON 
BBC COMPUTER, PRINTERS etc. 


PLEASE ADD 40p p&p & 15% VAT 
(Export: no VAT, p&p at Cost) 
Orders from Government Depts. & Colleges etc. welcome 


Detailed Price List on reauest 
Stock items are normally by ret.azn of post 


7AL$293 


Trecunomatic Lirp 


MAIL ORDERS TO: 17 BURNLEY ROAD, LONDON NW10 1ED 
SHOPS AT: 17 BURNLEY ROAD, LONDON NW10 
(Tel: 01-452 1500, 01-450 6597. Telex: 922800) 
305 EDGWARE ROAD, LONDON W2 


40108 


40p 
5p 
60p 
50p 
36p 
36p 
50p 
40p 
36p 
30p 
75p 
40p 
40p 
40p 
40p 
45p 
45p 
48p 
150p, 
120p 
250p 
Sp 
55p 
Sop 
40p 
45p 
0p 
40p 
115p 
40p 
90p 
90p 
470p 
250p 
45p 
45p 
45p 


74192 
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coming soon? ...........665 
There is something fascinating about predictions. Journalism in general 
and magazine editors in particular love to look into a crystal ball at the 
beginning of every year. This article is one of those... 


milliohmmeter ... 
A more precise method to measure the resistances of loudspeakers, coils, 
conductors (printed circuit board copper tracks) and the like. The lowest 
measuring range is 0.5 {2 + 1% (full scale deflection), which really gives us 
something to work with. 


the accessories for the Crescendo power amplifier ........... 
The second part of the XL system, containing the protection circuits for 
the Crescendo power amplifiers. The d.c. detection and power-up circuits 
in this article are a must for any good quality power amplifier. 


darkroom computer tips...........000000u 
with contributions from H. Fietta. 

As a result of the many enquiries received from readers, we describe the 
manner in which our darkroom computer can be connected to the well 
known Philips enlargers; PCS 2000 and PCS 130/150. A new method of 
obtaining better linearity of the thermometer is also shown. 


Chipsifor digital audios csisjeie: wees v9 ais.Pavecaaied s erate eres 
So far digital audio has restricted itself to the studios. But, let’s face it: 
there is no doubt that it will soon be in the living room. Before going out 
and throwing away your existing system it is better to find out a little 
about this new development. 


3 A computer supply ..... 
This 5V/3A power supply is ideal for powering additional memories, 
peripheral equipment and the like. Internal protective circuits against 
excessive load currents and temperature rise ensure that the power supply 
can survive considerable mistreatment. 


traffic-light control system ....... 0.0 cc eee cece ewes 
D. Herzberg. 

Apply the Junior for a classical task; a control function which can other- 
wise only be implemented with considerable amounts of hardware. 


technical answer's 4... .000s0ne nes 
The home telephone help article last month started our new section. This 
month we continue with further useful hints, ideas and tips. 


ejektor ..... 
from an idea of E. Muller. 

An invitation to investigate, improve and implement imperfect but 
interesting ideas: the ‘Fourier’ synthesis. 


tomorrow’s music... Ray even e 9 WP ert uiatieetiate seins ach okprcksp 
Factors affecting the change in ‘hi-fi’ techniques are: the market, current 
and future legislation and last, but, not least, the electronic components 
industry. The article takes a look at ‘hi-fi’ up to the end of the century. 


upper and lower case on the Elekterminal ........ 
D. Paulsen, 

The ELEKTERMINAL becomes an elekterminal. Continuing with the 
series of extensions, lower case and special characters are introduced. 


INPALKGE: Ae ites coqsterapene sacs so Shumisanenare as aveteteneteadteconayn Mavecatetntoata 
SWICHDOSIG) . nasa Sena w a aiaahs cee as demande yanede ome 


ERS SORVIGG six fussaetatay a Steps as ts sedecansiyestanie sraduomasacedssvountessnsaeerimaye 


BOY OL CISORS IMAGEN ioi- 5,5 sche & sa saveegave he eed e 8:8 Clebaensue! die morn ionevers 


12-17 
12-19 


12-24 


12-28 


12-33 


12-36 


12-43 


12-46 


12-48 


12-50 


12-53 


12-56 


12-60 
12-61 
12-72 
12-74 


elelator:--- 


\up-lo-dalle electronics for 1b ond lature fr" 


Here we are; 1983! A continu- 
ation of projects started 
during last year, new ones to 
wet the appetite for the 
coming months and certain 
subtle changes to the look 
of our inside pages. These 
changes which could be 
termed as our winter clean 
look very nice to us, but it 
would be very much 
appreciated if readers could 
supply their views, Next 
time you send us a technical 
question, why not include 
your comments? 


1-03 
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ATFORD ELECTRONICS 2eapaaRES 


Aciai/2 30) aczt3 Brae 
34/35 CARDIFF ROAD, WATFORD, HERTS, ENGLAND Aci76. Beata Brae 


MAIL ORDER, CALLERS WELCOME hard Bey Ped 


Tel. Watford (0923) 40588. Telex: 895609 acriniie 7) scauve, 14) Brest 
el. Nr . ‘ 451 
ca atte ele 6090) agi 8C308 BF594/5 
ALL DEVICES BRAND NEW, FULL SPEC. AND FULLY’ GUARANTEED. ORDERS | ACyoo ~~ 75| 8c27/8 Brnai 78 
DESPATCHED BY RETURN OF POST. TERMS OF BUSINESS: CASH/CHEQUE/P.Os | ACy39/41 @5| 8Cs41/61 34 BFRBO/E} 
OR BANKERS DRAFT WITH ORDER OR ACCESS. GOVERNMENT AND | A142 86477 BFAIB 
EDUCATIONAL INSTITUTIONS’ OFFICIAL ORDERS ACCEPTED. TRADE AND | A0)¢ 8C516/7 BEx29 
EXPORT ENQUIRY WELCOME. P&P ADD 80p TO ALL CASH ORDERS. OVERSEAS | Apie, ett Heed 


ORDERS POSTAGE AT COST. AIR/SURFACE. ACCESS ORDERS WELCOME. nat aeeer is] Bexesre 
VA Export orders no VAT. Applicable to U.K, Customars only. U otherwise, | Aciioie 
We 


advertisement 


217x304 2N3819 2SC2091 
217x314 2N3820 28C2314 
271X326 2N3822/3 282166 
21x31 2N3824 28¢2335 
ZTX451 2N3866 28C2547 
Z1X500 23870 28C2612 
21x501/2 2N3903/4 280234 
227X503 2N3905/6 28k45 
2TX504 2N3906 ask2ag 
21X53! 2N4037 2883 
21X550 2Na041 25.185 
2N697 2N4058 3N128 
2N698 2N406112 3N140 
2N699 2Na064 4009; 
2N706A 2N4069 40250 
2N708 2N4220 40311 
2N918 2N4234/6 40313 
2N1131/2 2N4264 40315, 
2N1302 2N4286 40316 
2N1303 2N4289 40317/20 
2N1304/5 2N4314 40323 
2N1306/7 2N4400 40324 
2N1308 2N4427 40326/7 
2N1613 2N4859 40347 
2N1670 2N4871 40348 
2N16718 2N4898 40360 
2N2160 2N4901 40361/2 
2N2217 2N4921 40407/8 
2N2218A 2N4922 404i) 
2N2219A 2N5135/6 40412 
2N2220A 2N5138 18| 40467A 130 
2N2221A 2N5172 40468 85 
2N22224 2N5179 40594105 
2N2297 2N5180 40603110 
2N2303 2N5190/1 40673 Bi 
2N2368 2N5194 40871/2 90 
2N2369A 2N5305/8 
2N2476 2N5457/8 
2N2483/4 2N5459 
2N2646 2N5485 
2NB46 2N5777 
2N2904/5 2N5879 
2N2906/7 2N6027 
2N2907A 2SA671 
2N29266 28AN15 
2N3011 280495 
2N3053 28C496 RF 
2N3054 28C1061 

2N3088 Pad CHOKES 
2N3101 ini 
2N3252 2801173 Miniature 
2N3302 281306 
2N3441/2 140 | 25C1307 
2N3614/5 199 | 25C1449 
2N3663 15 | 25C1678 
2N3702/3 10 | 28¢1679 
2N3704/5 10 | 28C1923 
2N3706/7 10 | 28C1945 
2N3708/9 10 | 25C1963, 
2N3710/11 10 | 28C1957 
2n3713 140 | 28C1969 
2n3771 179 | 28C2028 


Mpsus2 
MPSUS6 
MPSUS6 
MPUI31 
0c26 
0028/35 
0C36/41 
0c42/44 
0C45/70 
0¢71/72 
0674/75 
0¢76/77 
C81 /82 
0C83/84 
0170/71 
0¢200 
TIP29A, 
T1p29C 
TIP30A, 
TIP30C 
TIP31A, 
TIP31B 
TIP3IC 
TIP32A, 
TIP32C 
TIP33A 
TIP33C 
TIP34A, 
yip3ac 
TIP35A 
TIP35C 
TIP36A, 
TIP36C 
TIPAIA 
TIPAIB 
TIPG2A, 
T1P428 
TiP120, 
TIPI21/2 
mp141/2 
T1p147 
TIP2955 
TIP3055, 
T1843 
1844/5 
TIS46 
TIsa8 
1859/74 
TIS8BA 
T1S90/91 
Uc734 
VK101 
VNIOKM. 
VNA6AF 
VNE6AF 
VNBBAF 
VNBSAF 
21K107/8 
27X109 
21K212 
21%300 
21x30) 


SsehRRex kek 


SsSseRsssrsss: 


Breen. BFYIS 

8 

all prices exclusive of VAT. PI ‘add 15% tot he total cost including P&P. ‘AFI24/26 Bae Breer et 
stock thousands more items. It pays to visit us. We ore. ‘od behind Watford Football Ground. | Ar139 BCY35 BFYS3 
yest Underground/BR Statior Jattord High Str AFI78 BCY39/40 BFY55/6 

Open Monday to Saturday: 9.00em to 6.00pm. ‘Ample Free Car Parking space available. AFI86. BCY41/42 BFY64 

ELECTROLYTIC CAPACITORS: (valuos in uF] 600v: 10uF Bap; 47 Top: 63V: 0,47,1.0,1.6,2.2,33.47 8m | Agony ae yeeiey iss | Geese 

10 10p; 15, 22 12p; 33 15p; 47 12p; 68 20p; 100 19p; 220 26p; 1000 70p; 2200 99p; 50V: 68 20p; 100 17p; 220 | gci07 BCY70/71 BRY39 

2Ap; ADV: 6.8 15p: 22 9p: 33 12p; 330, 470 2p: 1000 48p; 2200 9p; 26V: 1.5, 4.7, 10, 22, 47 Bp: 100 1p: | Bcro7e Beye 


180 12p: 220 18p; 330 22p; 470 25p; 680, 1000 34p; 1500 42p; 2200 S0p; 2200 S0p: 3300 76p; 4700 92p: | acioa. bcyie Ele 


16: 
47, 68, 100 9p; 125 12p; 330 16p; 470 20p: 680 34p; 1000 27p; 1600 31p: 2200 96p; 4700 78p. ate Boia HE 
TAG-END CAPACITORS: 64V: 2200 139p; 3300 198p; 4700 246p; SOV: 2200 110p; 3300 1684p; 40V: 4700 8C1098 BO124 BSY95A 


4160p; 25V: 2200 90p; 3300 98p; 4000, 4700 98p; 10,000 32%ip; 18,000 345p; 16V: 22,000 360p ac Ho BU 108 


POLYESTER CAPACITORS: Axial Load Type BC117/8 80135 8U206 
400V: InF, 15, 2n2, 3n3, 4n7, 6nB 1p; 100, 15n, 18n, 22n 12p: 33n, 47n, 6m SIEMENS pcb BCNI9 80138/37 BU208 
16p; 150n 20p; 220n 30p: 330n 42p; 470n 52p; 680n 1uF 68p; 2u2 Bp. Type Miniature 8C137/9 8138/39 BUYE9C 
460V: 10nF, 12n, 39n, 100n 11p; 160n, 220n 17p: 330n, 470n 30p: 680n 38p; 1Ue poly Capacitors C140 80140 £421 
Sai tasiaran er ve. va, [Se al ebie S| Mae 
TF 1p; 1 y : 22n 36p: 3 47m, 100n 42p. inf, nS, 2n2, 
4000V: InF 17p: 10nF 30p; 15n 40p; 22n 36p; 33n 42p; 47n, 100n A2p. are, a0: Bik, | eta Bobo | 
POLYESTER RADIAL LEAD CAPACITORS: 250V FEED-THROUGH | 109.150 7p 80222 2955 
ion, 180. 20, ie 8p; 330, 47n, 68n, 100n 7p; 150n, 220n CAPACITORS en eu a Beer Eee pee 
/ 330n, 476n 13p; 680n 19p; iu 23p; 145 4p; 5 19, 39n, 47n_ Bp 
1p; 330n, 470n 13p; 680n 19p; bail 40p; 2u2 46p. 1000p F/450V 8p 33n, ban Bchase, Bose MES 
a von] 828, 100n 80517 MIE 
ToreOzeW apg tinvaues, | 00 8c157/8 10] Boss yas | JES?) 
5001, iKA & ZKN Linear only) Single} 1000. 1200 Hated BOEI6A MJE520 
Sano | 220m, 2700 acie7a 10] Boveo Maeaae6 
18p; 15, 36p: 5KM1-2M0 Single Gang Log & Lin 30p . 
5p; 10V: 15, 22, BKN-2MM Single Gang O/P Switch 78p}  330n, 390n BC168C BRIS MJE3055, 


‘ 470n, 560n BC169C BF154/8 MPF102, 
|55p: 6V: 100 42p. 5Kf1-2Mfl Double Gang Bap] 4200 3p | Bo190, Beige Mer 108 
MYLAR FILM CAPACITORS SLIDER POTENTIOMETERS TuF 34p 2u2 Bop — | BCI71/2 8FI73 MPFIO8 
100V: IF, 2. 4, 4nF, 10 6p: 1SnF, 22n, | 0:25W log and linear values 60mm 8C173 BFI77 MPFIO5 
30n, 40n, 47n Pp: 56n, 100n, 206n 9p. | 5K{1-500KR single gang 8C177/8 BFI78 MPF106 
ae peepee noose |S B| Eig. B| trate 
Self Stick Gi Bozel 8F180/: 
CERAMIC CAPACITORS 50V: oll Stick Gradueled ‘Ordors: 8182/3. BFI84/5 MPSAI2 
Range: O-5pF to 1OnF 4p. 15nF; 22nF, | PRESET POTENTIOMETERS Just phone your | BC184 BFI94/5 MPSA5S 


33nF:  42nF Sp, 100nF/30V 7p. |0.1 W508 SMM Miniature ‘orders through. | BC182L. BF196/7 MPSAS6 
/200nF /6V 8p. Vertical & Horizontal Wo do tho rest, BC183L BFI98/9 Mpsu02 


————= 0.:25W 100 3:3MM horiz. larger (0923 50234 BCIBAL BF200 MPSU05 21x302 2N3772 195 | 28C2029 
POLYSTYRENE CAPACITORS: MPSU06 21X303 2N3773 210 | 28C2078 100m 


10pF to InF 8p; 1.5nF to 12nF 10p psa 7h vert 10) 8C186/7 BF2240, Z 
in COMPUTER 280 SIO-1 850 | LF347 160 | MSM5526 FOA2030 298 74177 45] S133 Ustad 
SILVER MICA (Values in pF? RAM ZBOA 010900. L351 Nests ToB0701 420, 74178 80) $138 8125 


2, 3:3, 4.7, 6.8, 8.2, 10. 12, 15, 18, FOR ICs 

4 L353 NE529 TL170 50 74179 8167 (8126 
Be, oF a oe aoe ge BBC | 1402 od LINEAR ICs | LF355 NESS) TLoe1cP 74180 8158 ($132 
5 40.250. 270, 400, 330, 360, e02cP 660 555CMOS 80 | LF356 NES34 ‘TLO62cP 74181 $188 ($133 
390; 470,'800, 800,820" 2ipeach | MICRO He ae | 702 75 | LF357 NES43K TLOBACN 74182 $189 (S136 
300 1206, 18002200 S0peach gauaion 709C 8 pin 35 | LF39B NE544 TLO7ICP 74184 $194 ($138 
Be i a Beonch | ABIGAP | 3247 425 | 8256aC 710 43 | LMi0 NESS, TLO72CP 74185 $195 tsi39 
re 7418 pin 14 | LM301A0 NESS6 TLOTACN 74186 $201 (s145, 
7470.14 pin 65 | LM307 NE56O TLOBICP 74188 $225 (gi47 
74868 pin 36 | LM308T NESG! TLOB2CP 74180 8241 (s148 
7538 pin 185 | LM311 NE5628 TLOB3CP 74191 8251 (sist 
810 19 | LM318N NES64 TLOB4CN 74192 $257 ($153 
9400C) 350 | LM319 NES6SA TLOICP 74193 $262 ($155 
AY11320 225 | LM324A NE566 UA2240 74194 8287 (8156 
AY1-5050 99 | (M3342 NES67V UATB540 74195 8288 (8157 
AY.1-5051 160 | (M3352 NE570 UAAI70 74196 $289 ($158 
‘AY-1-6720 210 | (M339 NES71 UAAI80 74197 $301 (8160 
AY-3-1270 730 | LM348 NES534A UAA1003-3 74198 S412 ($161 
AY-3.1350 360 | LM349 M335 ULN2003 74199 8470 ($162 
AY-3-8910 438 | LM358 RC41360 ULN2004 74221 $471 ($163 
Booklet for M377, RC45SB ULN2283 "4246 $472 S164 
AY-3:8910 160 | LM379 $5668 UPC575 74247 8475 ($165 
‘AY-3.8912 625 | LM380 $AB3209 UPG1025H 74248 8571 (8166 
‘AY-5-1230 450 | LM3B1N SAB3210 UpC1182 74249 ts168 
AY-5-1317A630 | LM382 SAB3271 UPCI156H 7425) 74LS $170 
AY-5-1350 388 | LM3B4 SAB4209 UPC1366 74259 S00 ts173 
A301, 130 | LM3B6 863402 XR2206 74265 sot tsi74 
CA3012 175 | (M387 S.490 R207 74273 tso2 18175 
CA3014 M389 SN76003N XR2211 74276 (803 (s18) 
€A3018 L393 8N76013 XR2216 74278 $09 .s183 
CA3019 M558 ‘SN76018 XR2266 74279 S05 $190 
GA3020 LM725CN SN76023N 2N4a14 74283 (808 tsi91 
€A3023 M733 §N76023ND 2Na19E 74284 (S09 tsi92 
CA3028A (M1458 SN76033N 360 | ZN423E 74285 L510 ($193 
€A3035 tmig71 ‘SN76115N 2NA24E 74290 ust (si94 
€A3036 M2917 $N76131 2Na2sE 74293 ($12 {S195 
€A3043 M301 8N76227N 2Na26E 74297 tsi3 ($196 
CA3045, M307 SN76477 2NA27E 74298 (sia ($19? 
€A3046 M3302 SN76488 2NA28E 74351 (S15 ($200 
CA3048 (M3900 SN76660 2NA29€ 74365 (S20 $202 
CA3059 tM3909N P8629 2Na59 74366 en ts221 
CA3075 tm391 TAI210 2N1034E 74367 S22 tena 
CA30B0€ M3914 TA7204 2N1040€ 74368 (S26 eal 
TA7205 2NA234E BE 827 herd 

TA72050 a 1828 
TA7222 TTL74 74490 ($30 $244 
TA7310 7400 ($32 ts245 
TAAB21AX1 7401 74c $33 us247 
TAAGBIA 7402 (3371 | (S248 
TAA700 7403 74C244 195 | (S38 $249 
TAA900 7404 746245 195 | LS40 ($251 
TAD100 7405 746373 240 | LS42 ($253 
TBA120S 7406 tsa7 ($257 
TBAS400 7407 L848 ($258 
TBAS5OO 7408 Us49 ($259 
TBAG41 BX 7409 (ssi (8260 
or BX11 7410 L364 (3261 
TBAGS1 741 (855 ($266 
TBABOO 712 ($63 ts273 
TBABIO 7413 Us73 (8275 
TBA820 7414 ts74 ($279 
TBA9200 7416 ($75 $280 
TBA9SO a7 (876 ($283 
TBA9900 7420 .s78 ts290 
BAS4O 7421 (883 ts293 
TCA220 7422 (on S85 $295 
TCA2700 7423 74S Us86 ($298 
TEA2B0A 7425 74800 Ls90 S299 
TCAS40 7426 $02 tsar (8300 
TCAS65 7427 $03 $92 $302 
TOA1004 7428 S04 ($93 $320 
TDA008 7430 $05 (S95 ($323 
TOAIONO 7432 $08 (S96 $324 
TOA022 7433 $20 $107 ($325, 
TOAI024 7437 $32 $109 (8326 
TOAI034 7438 S74 tsn2 ($327 
TOAI490 7440 $86 tsi3 ($347 
TOA2002 7441 8112 csi ($348 
TOA2008 7442 $114 ($122 ($352 
10A2020 7443 3132 ($123 ($353 
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2532-450n 8257-5 
MINIATURE TRIMMERS Copacitors 100ns 8259 
2:6pF, 2-10pF 22p; 2-25pF, 5:60nF 30p: | 275m gry 


10-88pF 36p. | 2732-4500 Boba 
RESISTORS Carbon Film Hi-Stab, 5%, ae 3288 
miniature 4816-100nS 225 Heth 
RANGE. Val 1-99 100+ 4027 490 | gr27 
202-4M7 £24 4116-150n 85 | gT2BA 
2n2-4M7—sEN2 4116-2000 80 | gT31 
202-4M7 €12 4118-250 325 | gr95 
2% Metal Film £24 4164-200n 600 | gT97N 
1% Metal Film e24 4334-3 = CMOS 
100+ price applies to Resistors of each | 21143 9364AP 
type not mixed. 4816-100nS 226 | 9602 


REBISTORS Nowork SL siov.aso\_zao | AMZELS2VC 
7 Commoned: (8 pins) 1008, 6802, 1K 2k2, 4K7, | 6116-150nS 390 | amze.sa2A 
10K, 47K 100K 5p AY3-1015 
8 Commoned: (9 pins) 160, 1802, 2700, 3309, 1K, ‘AY-5-1350 


2k2, 4K7, 10K, 22K, 47K & 100K 26p. 6502CPU AY-5-2376 


6503 
Diopes _ | BRIDGE 6504 250 Comer? 


ANID 15 7 a04 148017 
gg /meor | (UNG) |iina BB) Se 
ae ate Sila 8) een 
3 6530 

Byio0 24. | 1/400 8590, wuor EH | FOI72! 
BY126 42 | 1A/600V TSSERIES | Geasatc 
Byi27 12. | 2A/50V 7510778 95 | SS45RTC £1793 
CRO33 2a/200V 7110, 90 | SSS1AC FO1795 
OAS 2A/400V 7511415 160 | 6592! £01799 
ona? 2A/600V 7121/2 130 | 6800 FOS? 
By BUEN Ble” GB/s Be) Neue 
Saat 5A 600V 75182/3 99 | 0808 INSBOGON 1050 | CA30B1 (391s 
aes ‘OA, 2000 75188/3 55 | $808 INSBISAN CA3086 vsti 
ed year 75322 140 | 6808 Mc1488 CA30B9E M1360 

360 

160 

160 

86 

82 

8 
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OA90 10A/600V 6809 M1489 €A3090A0 
eee $7220 
vege S/BS ie) ARNE, B/E S| Mee 
64 reas 6821 Megas. EAgta0 Meserak 
A202 MiB DIL Hotty 68821 MC3447P €A3160 MB1515L 
ey 75454 6840 MK3886-2M_£7 | CA316) 51516. 


tao 2 7481/2 88 | Gas cases Mest 


1N4003 ZENERS 4 6847 
1N4004/5 ‘ange: 0 6880 
1N4006/7 39V 400mW SCR 6852 
1N4148 h | THYRISTORS. 6854 
1N5401 SA/40V 6875 
1N5404 5A 400V 68000 
1N5406 5A 600V. 74C922 
1N5408 BA 300V BOBOA 
tees BA 60OV BOB5A 
1s921 12A 100V soe 
Ar 12A 400V 8118-10 
6A/400V TRIACS 12A800V 8123 
6A/800V ety 8T106 8155 
SA ANY BTN16 8156 
BAM C1060 B1LS95 
Haren Tica 81LS96 
BA Ot, TICAS 81LS97 
Prgne m1C47 811898 
Leia 2N5062 8202 


12A 800V 
VARICAPS | a iooy tos | 2N9084 Pan 


'S 
BA102 80 | 16a. 400 
881058 40 | 16a B00V ed 
61068 = 40 | 25 500V, g26 
881098 45 | 25a 800V DIAC ee 
MVAM2 — 165 | 728000 $T2 8225 


3 


OA91 25A/200V 
OA95 25A/600V 
A200 BY164 


| sak 
guage 
gaaseaaeaass 


38 
RSRRRRRRSSHSSTHAB 
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CA3189 MB3756 
MM5303 HA1336W M1208 
M307 | 1275 | HAI3B6 MC1301 
M5387 475 | ICL 1303 
MM5B178. 770 | ICL7107 Paced 
MM74C922 420 | ICL7611 MG1310P 
RO-3-25131 660 | ICL7660 M1445 
RO.3-2513U 650 | ICL8038CC MG145106 
SFF9634E 900 | ICL8211A MC1488 
7MS2716-3V__ | ICM7205A MC1469 
"728 | 1CM7207 C1494 
TMs6011 365 | ICM7215 Mc1495 
TMS9928 £30 | ICM7216AJ Me1496L 
ULN2003 90 | 1CM72168 MC1596 
UP07002 440 | ICM7216C M1648 
ZB0CPU2.5 299 | 1CM7217A MC17096 
ZBOACPU 4M | 1CM7224 MC3302 
1GM7240 Mc3340P 

280 CTC 


1om7555 eeeoP 
280A CTC 1CM7556 Meret 


7808 (A350 4 
280 DART LAa031P oe 
280A DART 560 | LA8032 Mesan3 
280 OMA As400 ele 
260 DART Uc7130 Mc ceos0 
720 PIO us7120 yiaccets 
280A PIO wc7137 es 
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74121 
74123 


SESn BREE zBSS 


RRsaene 


Re 


gxasees 
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VQ Board 


SWITCHES OIL SWITCHES VEROBOARD 0 1 IDC CONNECTORS RELAYS 
TOGGLE De asav , (SPStia way Mop: G way 8p: clsd olan | vecean = Pce Pugs Fenve — | METERS 
SPST 33p | Sway 90p; 10 way 145p. 212. 3)4 ‘80; ° woth latch Header FSD Miniature, enclosed, PCB mount 
pot aap | (SPOT) 4 way 190p. 23.5" Op as Can, Pee SI 60 x 46 x 35mm. Qur ALG series 
ROTARY SWITCHES 334-334 91 — | PROTO DEC: 05) 0-50,A, 
‘SUB-MIN TOGGLE . Ld Ss 10 way 9p 9p Pp a i 12v OC. 
P| 1 pol Y 3, 2325 0-500yA 38 
Spor cover 60p pole/2 to 12 way. 2p/2 to 6 way 33417 360p P| S.dec 2350p 20 way 145 166p 125p tier oreo 
SPOT centre off B5p | 3P0Ie!2Odway Ap/2t03way 4p | 44-17 470 = | Eurobreadboard —520p 26 way —-175p -200p 1850p | D-1mA 3341 cou, 4V2.7V OC. 250V AC, 5A; 
SPOT biased both | ROTARY: Mans OP 250V 4 Amp Pat of 100 pins 80 | Bimboard | S75p Sh wey  206p 238p PN tomA TH00VA/150W. 218p 
ways 105p | onott 56> | Pininsertiontoo! 17ep | Supers" SS2 1360p SON Za eae oe 0-50mA, ALE-111 17012 coul, BV 14V. 250V AC 
Boot eiags ‘seb insertion tool 178 50 way 2385p 270p 200p | O-S0mA, Be 220p 
DPOT centre of BBp | ROTARY: (Mak a-switch! VERO WIRING DALO ETCH 60 wey = = BP 1 0-500mA ALG 114" 74011 col, 17V5-29V 250V 
OPOT biased both | Make a multway switch Shaftng as | BEN‘ sprool”  340p | RESIST PEN I =a OIA 5A AC 222p 
ape 145p | sembly has adjustable stop Accom. | EEN," spa Mei Peseecie (Gop OA 
OPT 3 positions modates up to 6 waters eoxes 4 EURO CONNECTORS 0.25V 
onvon/on 185p | (max 6 pole/12 way » OP switch) Mate Pig | 9 50W AC AMPHENOL PLUGS 
Sipote2 way 208p | Mechanism only 90p | FERRIC CHLORIDE ULTRASONIC sin Ange | 9 sym ACe IEEE 24 Way 550 
SLIDE 250V WAFERS. (make before treak) to fit Jib bag Anhydrous TRANSDUCER INe)617 Pins Pine “or Gentronieg (acai 3d Way aoktar Ey 
eons sap | the above switch mechanesm 195p - 50p P&P 40KH2 325 pr Eh a ais entionic Parallel 36 way 
PDT 1Aciott 1$p | P0le/12 way. 2 pole/6 way, 3'pole/4 aivay [a8op each 
BpoT 2A” 138 | Hav A poleNs way. 6 /2way >| COPPER CLAD BOARDS. A= 8 5p zy 5p | CRYSTALS | BUZZERS, minature sold siate 
Mains OP 4A Swatch to fit 45p : tS 32.768KHe 100 | 8. 9V&12V 70p 
Spacers 4p. Screen 6p Hage” Agate = “Doubt Tener 2x32A=C 3p 0p 2p 0p | IOOKHe 235 | PIEZOI TRANSDUCERS 
PUSHBUTTON6A | | nocKeR 5A/250V SPST zap | 6's Sop 0p dey DAN SN aera eee PmazaS ee 
ean een Button ROCKER 10A/250V SPOT 38p | 6 -12  180p 195p A+B°C ‘3p 385p © 2H0p 400 | 45SKH 370 | —____ —, 
Sper latching 99P | ROCKER 10A/250V OPOT c/off 35p Ve Fre | LoupsPeaKens 
T latching 145P | ROCKER 10A/250V DPST with neon EDGE 1.008M 275 Minature, 0.3W. Bt 
SPOT moment $8p > | ou sockers CONNECTORS DIL PLUG (Header) Yontne, Sag | 203i. 2h din sp 
P|) THUMBWHEEL Mini front mounting. ‘Low Wire 1186 Solder ioc | RIBBON CABLE | | SMe a 310 4012, 6400 or BOS 8Op 
Mini Non Locking Decade Switch Module 20p Prof Wrap 2x1G woy — 1400 | gain price per foot 4 a 
Pushto Make 1Sp | B.C.D. Switch Module 216p spin ‘tp ‘Z5p 2% 18 way 180p 145 | 14pr 40P 99p eepeiect | 1gaa2m 200 
Push toBreak 28m Mounting Cheeks (per pat) Re | ion He Hp | 322 movie ap | Jere ge Ie | own ish aay | 0M, 2 | ASTECUME MODULATORS | 
in x23 wi == 4 wa 1d BMH 
| {Spin 0p 4p 2x25 way 225p 220p | 400m 260p 2855p ) 79 Way DBP AP | 3 278M 180 | Wideband 8MHz 4285p 
18pin  16p S2p yep aoe | 3.5794M 98 
ELEKTOR | LengMPER LEADS Ribbon Cable Assembly! 20pin-20p GOP 3x28 woy210p — 24 way 5p SOp | 39734M Fl Comey ——— 
engt 14 pin 16 pin 24 pin 40 pin a 230 way245p — 34 3 F . 
PROJECTS Single ended DIP! (Header Plug) Jumper Rion ee ee | 2x38 wayzeep — Hdd a fowsy seo $2 | SoH: 150 | ‘WEMON' New Version 
Wostock | 24 inches ng Meat Pn BHP. | Zan Zap Bap 2-40 wav 3169 — 22pm 8675p | 30way 6p Bop | 4032Me 280 | WATFORD'S 
most of ouble ender leader Plug) Jumper 2% 43 way ie = in 64 i 
theparts | inches M20 “sop ‘sso 40pin 30p 99p 2crewaraso — | 28mm (820 way 85p 110p Fstoam 30 Ultimate Monitor IC 
inchos ip 2185p 3156p 490, : 2 é 
TTC] |" evan ht See ee | ANTES ONT | : Ry tye 
h ip 250p 3575p a produce the best from your 
ll OC Header Socket Jumper Leads 247” | GCN i5W 495 Cxzew sodp |, SOCKET D CONNECTORS: Miniature | 5.24288M — 390 | Superboard Senes 1 & I, Enhanced 
20 pin 26 pin 34 pin 40 pin | Spare tips, assorted sizes Sp. | 1” pitch 9 way 1Sway 25way37wa 6.0MHz 140 | Superboard & UK101. As reviewed by 
Single ended 160p —200p = 260p--300p ‘| Spare Elements 210p 20 way Plugs top 110 160p 260p | SI44MHe 150 Dr A. A. Berk in Practical Electronics. 
Double ended 29p 370p = 480p = 525p | Iron stand with sponge 165p 65p gone ee 3 ne ee Ba S.S86MHe bo eee i 
7 —{ Angle i nly 
Fee RE RS: sav, sory | VOLTAGE REGULATORS | | soLoERCON | i." aap s20p 960 200 | 72h 38 — 
3-0-3; of g c 1A T0220 Plastic Casing Sockets B.OMH: 150 
Ci eae Spi Bobb i + ve ve Ideat for making SIL | Solder lugs 1910p 160p 210p 3560p | gosa3am 398 BBC MICRO 
Soar BRO a ZGAn BNOVC8 Toae ae 12V-0.128 SV 7805 40p 7905 Ap of DIL Sockets Angled Pins 165p 215p 290 440p | 896723M 178 UPGRADE 
2x15V.0.1A 200p ay 8 ee 100'pies ae || eae 150 180 240p 420» | %,00MHz 160 | (Our BBC Micro Upgrade Kits will 
BVA: 2x6V.0.5A; 2x9V-0.3A; 2x12V.0.25A, le a cies pe Pe See “sep “aap tiop | 1OOMH 78 save yout'sss.. } 
2x18V.0,28 2709 ney Fae Se aie eee ALUM BOXES | GS ay auc gasp Skia50p | 1024MHe 200) 16K Memory (8 4816AP) £18 
Standard Split Bobbin type: 7924 45p 3x261" ‘5p 12.0NHe 175 | Printer User /O Port Kit £8.20 
ova: 2x6V-0.5A;  2x9V-0.4A;  2x12V.0.3A; 100mA T092 Plastic package 4«2}x2" 85p 12.528M 300 | SK10 with 36” Cable £2 
Nae ae SV 78LO5 3p 79LOS 6p 452}%2)" 1038p | 25 way ‘D’ CONNECTOR 1431814M_ 170 | Complete Printer Cable 36" £12 
TVA: 2x4.5V-1.3A;  2x6V-1A;  2x8V-0.6A, 6v 78LO6 30p 404%2" 105p | Jumpor Load Cable Assembly 16.0MH 200 " 
BAA 0A 2x18V 044, 20.0.9 SY 78108 iBp $2453). IB] dumam tend Cabi.Assembly 9, | seals” 390 | SKI with 36" Cable 3 
296p (36 AVI ALOE) Sed Ry” Gs S<4=1{° |p| 18" long, Singleend: Female 2p | [BOMHz — 180 | Disc Interface Kit £41 
AVA; 2x6V-1.5A;  2x9V.1.2A, 7 C18 305 7918 ee 5e4<2)"  120p | 36" long, Double Ended, M’M —1025p_-| 95. om. 200 | Analogue 1/0 Kit £6.75 
2x15V.0.8A; 2x20V-0.6A. 330p (60p p&p) ee a a 1 5.2213" 9p] 36 tong: Double Ended, F/F 1050p | 79°Ohani, —aep | Serial 1/0 Kit £7.50 
SOVA: 2x6V-4A; 2x9V-2.5A; 2x12V-2A; 2x15V. LM300H 1720p = TAASSO. SOp | 5x2} 2)" 130p | 36" long, Double Ended, M/F 995p 24.0MH; 170 | Expansion Bus Kit £6.50 
NEA 220V1.2K,2026V 1A; 20VO8A | LMSOaH dp TDAIAI2. 800 | BL4ez™ ap ———— d4930MHz 325 | SKI! with Cable 36" 3 
iP (60p p&p) LM305H 140) 78HO5 + SV /S) «4x3 1505 6 a 
Specially wound for Multirail Computer PSUs | LMa09K tsp 78HI2 V12v'sa, | Sexe jsp | @SPECIAL OFFER@ | 2559 180 | SK12 with Cable 36 £3.75 
SOVA giving + 5V/5A; +12V; +25V; -12V @ UM317K 2320p S80p | 8x 6«3" 210p TEX EPROM ERASER 27 145M 49 | Complete Upgrade Kit from 
1A S75p (60 pep) UM317KP- 9p 78HG +5Vt0 + 25V | 19x43" 240p 38.66667M 175 | Model Ato Mod. B £45 
WOOVA: 2x12V-4A; 2x15V-3A; 2x20V-2.5A, UM323K 450p 5A S99 | 10«7%3 2275p Only 43.0MHe 170 | Complete range of Connectors & 
2x25V.2A; 2x3OV-1.5A; 2x50V-1A 920p (75p | LM337 175p 79HG +226Vt024V | 42.5.3" —-260p £29.95 100.0MHz 295 | Cables available. Send SAE tor ki 
Ep charge to be added over and above our nor (M723 Var 36p 5A 6885p | 1248»3" 295 - N6OMH: 280 SIS avaleviateena oud 
‘mal postal charge) i —— —L — — —. — et — — 
“CMOS 1075 ST 45a) 140 5 . 
gla: GER 8) Tromes 
4002 12 | 4078 38 | Asan 40 | LEDS with Chis COMPUTER CORNER NEC PC8023BE-C PRINTER 
4006 90)| eet 13 | 4549375 Tie Red A @ MX80FT/3 EPSON PRINTER 10” & Friction feed, 9 x 9 matrix Europe's most popular Printer 
Roa S | 40s «wo! 4BBS 2 TO vel 14 80 column, Speed 80CPS, Bidirectional, Centronics Interface 100CPS bi-directional, Logic seeking, 80 column, 
400s 4 | 4086 «60 | Sees «6 | Titz20 2° Red =a standard, Baud-rate 110-9600 (RS232, Hi-Res, Bit Image 79 Dot matrix head, true descenders on lower 
4010 24 | $089 125 | 4556 35 | 2" Green, Yellow or graphics, Subscript & Superscript, Italics & Underlining facility case, Superscript & Subscript & Underlining facility, 
4011 40 pir oy 4557 320 | Amber 4 plus 500 sheets of paper FREE. Proportional spacing, Forward & reverse line feed, 
ao ao | 40955 | ee ee) ks Biconn” gs | @ ~MX100 EPSON Printer, 136 Column, 15” carriage, plus all the | Tractor or friction feed, Hi-res & block graphics. Auto 
ia ae | cose, «70: | 4888 S| Ce liow. 3 features of MX80FT/3. Plus FREE 500 sheets of Paper. underling. Plus FREE 00 sheets of Paper 
4015 40 | 4097 280 | 461 104 | 0.2" Tn colour Only £428 + carr. Price: Only £320 + £7 carr. 
4016 20 | $098 78} 462 495 | Red/Green. Yellow 85 | @ SOFTY II. An intelligent Eprom Programmer and Emulator 
4017 a2 | 498810 | 4566 165 | Hi-Brightness Red 69 Accepts a 24 pin 5V Eprom. Has Memory Map TV Display. RS232 
gore 45 || 418088 | 4568 250 | Flashing red and Centronics I/P & O/P. Copies, Emulates and programs. 
S38 Blas |) BS) Bat ueoe wes, RS 232 and centronics routines standard. PSU included, .... £169 
foar a0 | 4163 98 | 4825 aad | Groon, Yollow 30 | © TEX EPROM ERASER Erases up to 32 ICs in 15-30 minutes. .£33 DRAGON 
4022 40 | 9178 188 | a5e1 250 Rectangle Stackable @ TEX EPROM ERASER suite aleryavnteh 3 eit 
402313 4582 99 | LEDs, @ TEX EPROM ERASER plus our Solid State i 
4oza aa | 4184 105 | 593 $2 | fed, Green oven 18 TIMER £44 m Scotia Family computes rage 
4025 13 4584 triangular td 7 iS licroprocessor based Computer has 
dose ap | 4409« 790 | 4888 og mg | © ELECTRONIC TIMER, Solid state, 18-30 min. Connects directly Pussesceeilets leva be iprnnlt arene 
4027 20 | 4410 728 | 4597 330 | Green or yellow 22 to above Erasers. Protects your expensive Chips from memory expand 
4028 39 | 4411 675 | 4sg9 290 | L0271 Infra Red 46 ‘overcooking. Our timer pays for itself in no time £15 Ry Ly nt Grapliles orn 1603'92 10 286 4192 
402948 | 11g tan | 40085 90 | SFH205 Detector 118 SPARE 'UV Lamb bulb £8 § Resolution Graphics from 16 
4030 18 | tte dap | 8009745 | THL32 Infra Red 58 © 5V/SA Power Supply Ready-built & tested £25 Extended Microsoft Colour Basic 
403) 125 | aaa 770 | 40098 193 | TILE Detector Se | @ POWER SUPPLY. Regulated with Overload protection. Variable © Advanced Graphic Commands 
4033128 | aaas eso | apior 499 | Tieiwo % Output, 5V to 15V at 4A. Professionally finished £38 © 5 Octave Sound through TV Speakers 
4034 = 140 | 4440 «= 999 | 40102» 140 |: BARGRAPHE Red 10 @ MULTIRAIL POWER SUPPLY KIT.Especially designed for e ul Editing TRU OWE ena 
4035 45 | 4450 © 360 | 40103 175 | segments 25 Micros, Tested output: + 5V/5A; +12V; +25V; —12V of 1A £37 ‘onventional Ful shi i m 
4036275 | 4451 350 | 40108 95 | ISOLATORS | @ ABS CASE Attractive, Beige/Brown for Superboard, UK101 © Simple Plug invtype eonnsetians toauaysticks 
Re rs immer ered a Me 99 NASCOM, or HOine brew (please state) £26 Cartridges & cassette 
4039 250 | 4501 28 | 4010760 | ILa7a 185 | © Stack-Pak Unique stackable twin drawer racking system for ie *Contronis Rovalal Frinter| ory 
4040 40 | 4502 60 | 40108 9450 | THINN/2 4 0 storing cassettes. 5 Drawers (10 sections) including labels and ih 60 page farce, pce are 
4041 40 | 4503 40 | 40109 100 | THLI7 125 10 » C12 Computer grade cassettes. i 550p you cequlre ig 8 colour TV or Monitor és maing 
BOAR OA ABO SPT TMOHAD: 300. | -ANGa/Pholo @ C12 COMPUTER GRADE CASSETTES in library cases. 40p supply and your DRAGON is Huffing & Puffing, Up 
40449 | 4505185 | 4o1n4 240 | Darington | 108 8}” Fan Fold paper (1000 sheets) £7 Running. 
4048 1 mont Dis Rl 
pany 1 4507 35 | 40163 © 65 | TIL307 675, @ 93” Fan Fold paper (1000 sheets) £7 Only £173 (£4 carr.) 
4046 46 | 4508 «= 130 | 40174 65 | TH312.3°CA 105 || @ SEIKOSHA GPIOUA Uni-hammer Printer, gives normal and dou 
A0N7 AO FASO.” ABS MOH! 78), TERI Oe LA ble width characters as well as dot resoltuion graphics. 10" Trac 
aoas 35 | asiz 50 | aotee “a0 | thao sce tor feed. Parallel Intface Standard FREE 500 sheet paper £175 
4050 J 4513 199 ee 2 ee ae ce ea 
405145 | 4514115 | 401 
fos fo | dere tig | fist | Poder hes Ane ULTIMUM | ‘i 
4083 asi i TF i own most __ versatile 
oss | sia “ao | dons ts8 | -Gmnca, 2 | FLOPPY DISC DRIVES MICRO EXPANSION SYSTEM, Ideal 
foes] B18] ASRS HE |S SP Rtaca. ig. | © TEAC FO-50A Sincle Uncased 40 track single sided £125 F F [ i flees 
4057 1918 | 4520 80 | 40373 240 | 3° +1GreencA 150 | @ TEAC Single EDIGOACased with PSU) ee for interfacing with APPLE, , 
4059438 | 4521 110 | 40374 245 | OVMI76 1885 | @ TEAC Twin FD-50A Cased with PSU. DRAGON, PET, RESEARCH MACH- 
4060 45 | 4522 125 | 45106 595 | LCD3} Digts 495 TEAC Single FO-50E 80 track cased with PSU. £238 E, SPECTRUM,  SUPERBOARD 
4061 1198 | 4526 «70 Fico 4091 $32 | @ APPLE II Interface card for above £35 INE, , " 
foea ae lapse: °° he" | Gero Lbeoedigns 625 | @ SIEMENS FDD 100-5 Drive. Cased, head, motors, track zero VIDEO GENIE, ZX81, etc. Low Cost, 
foes 2a'| 99160 | LS400C 255 EONS micro switch & motor control PCB with read, write & control elec- High Spec. As published in P.E, starting 
4067 248 -| 4830 90. | OCP71 120 Rectangular. nut fang tronics plus cable. For Apple Microcomputer £215 fi N ber 1982 
4068 14 | 4531 130, ones iS Red, Amber. Green 30p 5.25” Single Sided D/D Verbatim Diskettes in Packs of 10.......£18 rom November a x 
4069 16 | 453270 | OR REFLECTIVE Optical 8” Single Sided D/D Verbatim Diskettes in Pack of 10 £27 Send SAE for details. 
407013. | 4834 aap | 2N5777 45 Swach type TIL139'170p 
4071 13 | 4536 «© 275 | BPX25 198 = SLOTTED Optical 
4072 13'| 4838-90 | BPW2) 295 Switch similar 10, RS 
407315 _| 4539 110 | BPX8S 270 Comps 186p 
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What is a TUN? 

What is 10 n? 

What is the EPS service? 
What is the TO service? 
What is a missing link? 


Semiconductor types 

Very often, a large number of 

equivalent semiconductors exist 

with different type numbers, For 
this reason, ‘abbreviated’ type 
numbers are used in Elektor 
wherever possible: 

© '741' stand for #A741, 
LM741,MC1741, MIC741, 
RM741,SN72741, etc. 

@ ‘TUP’ or ‘TUN’ (Transistor, 
Universal, PNP or NPN respect- 
ively) stand for any low fre- 
quency silicon transistor that 
meets the following specifi- 
cations: 


UCEO, max 20V 

IC, max 100 mA 

Hen | 1 
tot, max m 
T,min 100 MHz 


Some ‘TUN’s are: BC107, BC108 
and BC109 families; 2N3856A, 
2N3859, 2N3860, 2N3904, 
2N3947, 2N4124,. Some ‘TUP’s 
are: BC 177 and BC 178 families; 
BC 179 family with the possible 
exeption of BC 159 and BC 179; 
2N2412, 2N3251, 2N3906, 
2N4126, 2N4291. 


@ ‘DUS' or ‘DUG' (Diode Univer- 
sal, Silicon or Germanium 
respectively) stands for any 
diode that meets the following 
specifications: 


DUS DUG 
UR, max | 25V 20V 
le max 100mA | 35mA 
IR’ max | 1HA 100 HA 
tot, max | 250mW | 250 mW 
D,max | 5PF 10 pF 


Some ‘DUS’ are: BA127, BA 217, 
BA 218, BA 221, BA 222, BA317, 
BA318, BAX 13, BAY 61, 1N914, 
1N4148, 

Some ‘DUG's are: OA85, OA91, 
OA95, AA116. 


@ ‘BC107B', ‘BC237B’', ‘BC547B’ 
all refer to the same ‘family’ of 
almost identical better-quality 
silicon transistors. In general, 
any other member of the same 
family can be used instead. 


BC107 (-8, -9) families: 

9), BC147 (-8, -9), 
9), BC237 (-8, -9), 
9), BC347 (-8, -9), 
9), BC171 (-2, -3), 
BC182 (-3, -4), BC382 (-3, -4), 
BC437 (-8, -9), BC414 


BC177 (-8, -9) families: 
BC177 (-8, -9), BC157 (-8, -9), 
BC204 (-5, -6), BC307 (-8, -9), 
BC320 (-1, -2), BC350 (-1, - 
BC557 (-8, -9), BC251 (-2, - 
BC212 (-3, -4), BC512 (-3, - 
BC261 (-2, -3), BC416. 
Resistors and capacitor values 
When giving component values, 
decimal points and large numbers 
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of zeros are avoided wherever 
possible. The decimal point is 
usually replaced by one of the 


following abbreviations: 
p (pico-) = 107? 
n (nano-) = 107° 
u (micro-)= 1076 
rm (milli-) = 107% 
k (kilo-) = 10% 
M (mega-) = 106 
G (giga-) = 10° 


A few examples: 

Resistance value 2k7: 2700 2. 
Resistance value 470: 470 2. 
Capacitance value 4p7: 4,7 pF, or 
0.000 000 0000047F... 
Capacitance value 10n: this is the 
international way of writing 
10,000 pF or .01 uF, since 1 n is 
10°° farads or 1000 pF. 
Resistors are % Watt 5% carbon 
types, unless otherwise specified. 
The DC working voltage of 
capacitors (other than electro- 
lytics) is normally assumed to be 
at least 60 V. As a rule of thumb, 
a safe value is usually approxi- 
mately twice the DC-supply 
voltage. 


Test voltages 

The DC test voltages shown are 
measured with a 20 k2/V instru- 
ment, unless otherwise specified. 


U, not V 

The international letter symbol 
‘U' for voltage is often used 
instead of the ambiguous ‘V’, 

‘V' is normally reserved for ‘volts’. 
For instance: Up = 10 V, 

not Vp = 10V. 


Mains voltages 

No mains (power line) voltages 
are listed in Elektor circuits. It is 
assumed that our readers know 
what voltage is standard in their 
part of the world! 

Readers in countries that use 

60 Hz should note that Elektor 
circuits are designed for 50 Hz 
operation, This will not normally 
be a problem; however, in cases 
where the mains frequency is used 
for synchronisation some modifi- 
cation may be required. 


Technical services to readers 

© EPS service. Many Elektor 
articles include a lay-out for a 
printed circuit board, Some — but 
not all — of these boards are avail- 
able ready-etched and predrilled. 
The ‘EPS print service list’ in the 
current issue always gives a com- 
plete list of available boards, 

© Technical queries. Members of 
the technical staff are available to 
answer technical queries (relating 
to articles published in Elektor) 
by telephone on Mondays from 
13.30 to 16.15. Letters with 
technical queries should be 
addressed to: Dept. TQ. Please 
enclose a stamped, self addressed 
envelope; readers outside U.K, 
please enclose an IRC instead of 
stamps. 

@ Missing link. Any important 
modifications to, additions to, 
improvements on or corrections 
in Elektor circuits are generally 
listed under the heading ‘Missing 
Link’ at the earliest opportunity. 


advertisement 
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G06 Micro Computer 


PRINTER & 
USER PORT KIT 
IC69, 70,71, PL9, 10 


Please phone for availability 


BBC Model A £ 299 
BBC Model B £ 399 
(incl, VAT) carriage £ 8 unit. 


All mating Connectors with Cables in 
stock, Full range of ACORNSOFT, 
PROGRAM POWER & BUGBYTE SOFT- 
WARE AVAILABLE 

Phone or send for our BBC leaflet 
BBC FLOPPY DISC DRIVES 
Single Drive 5%” 100K £ 235 + £ 6 carr. 


Model A to Model B upgrade kit £50.00 
Fitting charge ..... 


‘ANALOGUE PORT KIT 
£ 7.30 


Dual Drive 5%" 800K £799 + £ 8 carr. 
BBC COMPATIBLE DRIVES 
These are drives with TEAC FD50 mech- 


anism and are complete with power supply 
SINGLE: 100K £ 190; 200 K £ 260; 


£20.00 


MEMORY UPGRADE 
8x4816 AP-3 100nS £21.60 


£9.50 RS423 & VDU Port kit 
Bus & Tube Port Kit £ 6.50 £10.80 


F.D. INTERFACE KIT 
1C77-78 £70.00 


DUAL 


OFFICIAL B@H@ DEALER 


400 K £ 340 
: 200 K £ 360; 400 K £ 490; 
800 K £610 


NEC PC 8023BC. 


100CPS, 80 cols 

Logic Seeking, 

Bidirectional, 

Forward and 

Reverse Line Feed, 

Proportional 

Spacing, Auto 

Underline, Hi-Res 

and Block Graphics, Greek Char. Sét. 


Only £320 


+£8 carr 


PRINTERS 


SEIKOSHA 
GP 100A 


EPSON MX 


80 cols 30 CPS Full 
ASCII & Graphics 
10” wide paper 


Now only £175 
+ £6 carr. Ask for 
details on GP250A 


80 and 100F/T3 
MX80 80CPS 80cols 
MX 100 100CPS 136 cols 
Logic Seeking, 
Bi-directional, Bit Image 
Printing, 9x9 Matrix 
Auto Underline 


MX80F/T3 £325 
MX 100 F/T3 £430 
(£ 8 Carr/Printer) 


VARIETY OF PRINTER INTERFACES IN STOCK 
RIBBONS FOR PRINTERS 


PRINTER ACCESSORIES 


2,000 fan fold papers with 
perforated margin . 15 + 
£3.50 carr, 


AMPHENOL 
CONNECTORS 


37 way Centronix Type £5.50 
(IDC or Solder Type) 
25 way IEEE Type £5.50 


DRAGON 32 

*32K RAM *HI-LO Res Graphics 
*REAL TIME CLOCK *COL- 
OUR *SOUND *PRINTER 
PORT 

Only £173 + £4 carr. 

Please phone to check avail- 
ability Wide range of Software 
in Stock. 


MICRODOCTOR 


This is not a logic 


SOFTY II INTELLIGENT PR 


OGRAMMER 


analyser or an oscillo- 
scope. It tests a micro- 
system and gives a 
printed reprint on 
RAM, ROM and 1/0 —>* 
it will print memory 
map, search for 

code, check 

dataline shorts 

and operates 
peripherals 


Microdoctor complete with PSU, printer, proble cable and 


two configuration board 


The complete micro processor development system for Engineers and 
Hobbyists. You can develop programs, debug, verify and commit to 
EPROMS or use in host computer by using softy as a romulator, Powerful 
editing facilities permit bytes, blocks of bytes changed, deleted or inserted 
and memory contents can be observed on ordinary TV. 

Accepts most +5 V EPROMS 


Softy || complete with PSU, TV Lead and Romulator lead . £169 


UV ERASERS 


All erasers 


RUGBY ATOMIC CLOCK 


This Z80 micro controlled clock/calendar receives coded time data from 
NPL Rugby. The clock never needs to be reset. The facilities include 8 in- 
dependent alarms and for each alarm there is a choice of melody or alter- 
natively these can be used for electrical switching. A separate timer allows 
recording of up to 240 lap times without interrupting the count, Expan- 


UV1B upto GEproms .... 
UV140upto14Eproms .... 
UV1T with Timer 

UV 141 with Timer 

(Carr £ 2/eraser) 


* are fitted 

* with mains 

+ switches and 

+ safety inter- 
locks. 


sion facilities provided. 

Complete Kit 

Ready Built Unit 

Reprint of ETI articles at £ 1.00 + s.a.e. 


£120 +£2.00carr. 
£145 +£5.00carr. 


ACORN ATOM 


MICROTIMER (HOUSEKEEPER) 

6502 Based Programmable clock timer with 

* 224 switching times/week cycle 

* 24 hour 7 day timer 

* 4 independent switch outputs directly interfacing to 
thyristor/triacs 

*6 digit 7 seg. display to indicate real time, ON/OFF and 

Reset times 
* Output to drive day of week switch and status LEDs. 


Full details on request. Price for kit £57.00 


Basic Built 


Expanded 
(carr £ 3/unit) 


Atom Disc Pack £ 299 + £6 carr 


3A 5 V Regulated PSU 
£ 26+£2carr 


Full Range of Atomsoft in stock. 
Phone or send for our BBC Atom 


list. 


MONITORS 

BMC BM1401 14" Colour Monitor 
RGB Input 18MHz Bandwidth 

£ 240+ £8 carr 

HI RES 12” Green Monitor 
Antiglare screen £99 + £6 carr 
MICROVITEC 1431 M/S 14” 
Colour monitor RGB input 

£ 269+ £8 carr 

RGB Lead for BMC £8 
Composite Videolead £ 3.50 


SEE OUR INSIDE FRONT COVER PAGE ADVERTISEMENT FOR COMPONENT PRICES 


pally 3CHNOMATIC. Litp 


TO: 17 BURNLEY ROAD, LONDON NW10 1ED 


305 EDGWARE ROAD, LONDON W2 


(Export: 


Detailed 


Stock items are normally by return of post. 


PLEASE ADD 40p p&p & 15% VAT 


no VAT, p&p at Cost) 


Orders from Government Depts. & Colleges etc. welcome. 


Price List on request. 
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KKEKKKKKKKKKKKKEKEEK KKK EERE 


SPECIAL OFFER 
to Elektor readers 


KKKRKKKKKKKKKKKKEKRKRKKRKKEKE 


for only £11.95 + 75p P&P (inc.VAT) 


The DP 355 is a 3% digit LED panel meter with a full scale input of + 1.999 V D.C., and a basic accuracy of 0.5%, It 
has a very high input impedance (> 1 GQ) and good linearity, typically 0.1%. The whole instrument operates from a 
single 5 volt rail. Polarity and overload indication are automatically displayed. 

There is provision on the pcb to fit either attenuator resistors to alter the input voltage for full scale or shunt resistors 
for current measurement. The decimal points are user programmable to correspond to the full scale voltage/current. 
Full specifications and applications for use are included. 


Don’t miss this excellent offer closing date-31st Dec. 1982 
Only a limited number of meters are available, 
so order now while stocks last. 
Complete the coupon below and mail it, 
with your cheque or postal order, 
to Elektor Publishers Ltd., 10Longport, Canterbury, Kent CT1 1PE. 
Please allow 28 days for delivery. 


Ge ee eee i ee oe 


| Please send me panel meter/s @ £11.95 + 75p p&p each. f | 
| | enclose cheque/P.O. for (payable to Elektor Publishers Ltd.) I 
| NAME: | 
ADDRESS: ] 
1 I 
I I 
[Ee ee ee ee eee 
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ELECTROVALU 


© 24 HOUR NORMAL DESPATCH TIME 

@ ESTABLISHED 1965 

@ ALL GOODS GUARANTEED BRAND NEW AND 
TO SPECIFICATION 

© APPOINTED SIEMENS DISTRIBUTORS 


I.Cs — COMPUTER & ANALOGUE CRYSTALS 
7ausi6i 37 | 7413 19 | 74187 30 | goat 14 | uwae2n 115 | TABI041W 187 | 0.032768 102 4.915 = 157 
COMPUTER | 7irSiex 56 | dara 20 | 74190 48 | 4082 14 | CM3s00n ‘60 | TBAIZ0AS 62] 0.100000 483 5.000 157 
74LS 7ALS164 43 | 7420 16 | 74192 48 | 4093 20 | LM3914N © 200 | TBAI20U 72 | 1.000. 453 (8.026 128 
741800 ” 74LS165, 60 | 7430 14 | 74193 48 4510 46 LM3915N 200 | TBA400 100N 11,8432 320 «6.000 157 
7atsog 11 | zatsies — 90 | 7440 14 | 74393 % | 4511 46 | Nesssv. 23 | T8A800 = 75] 2.000 © 268. 6.144.187 
7gtgoz 4 | 7ausi73 5 | 7442 2 4511 120 | Nessea 45 | TAIOS «= 75 | 2.4576 «= 268 6.5536 128 
Fgtsog 12 | 7asi74 45 | 7443 60 | CMOS 4516 63 | NeSe7N 104 | TBA820 75] 3.2768 188 8.000 1.88 
7atsop 12 | 7aisi75 40 | 744g 60 | 4000 to | 4518 40 | rcaisine 90 | 7881458 62/ 3.579 128 8.867 128 
J4Ls10 2 74LS191 50 | 7447 36 | 4001 10 | 4520 60 SO41E 290 | TBBI458B 40 4,000 102 = 10.000 187 
7absio 2 | 7aLSi93 40 | 7448 40 | 4002 12 | 4543 120 | Soaip 121 | TCAI0S 120] 4.194 «= 12818.432— 188 
7atsil | 7atsi95 39 | 7450 14 | 4006 60 | 4583 130 | So4ze 364 | TCAI05B 108 
sacszo ‘42, || 24beles $8) 7461 | 4007 4 $042P 138 | TCAI05G 140 | THERMISTORS 
Matese g 7453 14| 4008 40 | All above prices | $89 11,23 | TCA250A 185] K164 
74.8221 61 | 7454 14 | 4009 24 | are NET and | §178B 31.00 | TCA205K 200] Disk type, 5mm 
passa 14 | FatSoa0 5 | 4400 4a | caere 24 | shown inponce | $187 13.28 | TCA335A 66] Gis ‘Nosistance 
7gtS37 18 | 7ats2a1 66 | 7470 24) 4011 2 $5668 214 | TCA345A 109 | St 2o%c; Gre, | LOUDSPEAKERS 
7absse 4B | paus24z 78 | 7472 26 | 4012 6 8676A 235 | TCA345W 177 | 4, 2, 47, 100, 
fie @ |e lie Blah g Se Te BT eee Te | asa 
7atgs) MA 7ats245 85 | 7475, 32 | 4018 40 | ANALOGUE | S750 226 | Tcae71 114] She" ne’ toon | 2k 0 
74.874 ig | 74tS251 55 | 7476 30 | 4016 20 | 709C5 49 | $1469 468 | TCA9SS = 228 | each” tp | 23" dia64N 70 
74875 mm | 74t8253 43 | 7480 35 | 4017 35 | 709C14 44 | SAB0600 302 | TCA96S 136 
fase fm | fase, Rtas S| tole | Fates Se | SARS Br | Tomseen 
7 4019 5 87 | Sapa2i0 311 ‘me we At Caiepap canoe 
yatsas 48 | Fatsoee 28 | fae 3 | a0 2 | 7a1c8 18 | Sap3z11 168 | TCAS91 80 | ee Gente 8 
741890 27 | 74tS273 60 | 7485 60 | 4021 40 | 74114 47 | $AB3271 329 | TCA99IK 100 | 7 i {2 CNmscumsanez 
yarsoz 32: | 74LS279° 40 | 7486 20 | 4022 36 | 747C14 ~— 65 | _SAB4209 497 | TOA2002 120 | Si) 98M 
7atges | 7ats209 260 | 7489 169 | 4023 44 | 748C8 35 | Sase2sec TOA2003 126 | 310" ap NW 10 Sone $0 
7gtses, 24 | 7atsae7 “34 | 7490 28 | 402 a2 | 1458c5 2 35,40 | TDA2030_ 180 | , ® pn 
7aLsio? —- 49 -| 7arsa6a 24 | 7491 35 | 4025 14 | 1458C14 40 | saptoza 16:60 | TOAS050B 144 | 7 tw Ly 
7atsis 2 | paus373 84 | 7492 25 | 4026 80 | 7106 450N | Sasigi 298 | TOA4290 169 | Jaceriuos.skrs nr si 
7arsi2e 23. | 2ALSR7A GB | 7493 25 | 4027 20 | 7107 BOON | SAJ141 224 | TOAAGOO 184 | Snowe sap sup ap Reaariersonnasn & 
7aLsi26 = 29 | 7a$378 60 | 7494 35 | 4028 39 | 655 23 | SAJ205 810 | TOA4700A 646 | gunche’ Rp Me Nb UhirlunPcooe 
7atsi32 40.-| 744839360) 7495 36 | 4029 45 | 7555 86 | SAS231W 260 | TOA4718A 436 | STEREO 5 
ae 2 |r|, BS Ebay | S| Sg im [ate oe | eae ; 
4041 44 SAS580 196 ure Bier 
7atgia? 19 | 7400 11| 74104 40 | 4042 40 | CA3080E 86 | SAS590 196 | TLO72CP 75 | 3Snm 2ON 
7418139 6 7401 11| 74107 2 | 4043 40 | CA3130E 99 SDA5S680A TLO74CN = 120 | Ster90. 200 
Fatsias 70. | 7402 12| 74121 24 | 4044 40 | CA3140E 5 15.55 | TLOBICP 46 | O-SEntES 22N 
aes | yas 12| 74123 40 | 4046 48 | LM301AN 26 | Taazer 104 | UAAI70 165 | 5m i} 
yacsisi 40 | 3498 13) 74125 34 | 4049 23 | LMB08N 60 | TAA761A 49 | UAAI70L 152] 15 1% igh 
Jacsie3 ap | 7408 18 | 74126 33 | 4050 23 | LM317K 321. | TAA765A 62 | UAAI80 165 | 3) imp tan 
gabeiey 340) | 27406 20} 74141 51 | 4060 45 | LM324N 45 | TAABG1 103 | UAAT9O. 141 | 19¢ comecton 
gateiea 140: | 7407 20) 74151 40 | 4069 14 | LM348N 65 | TAARE5A 59 | XR2206 5620 | Pi, Wap gas er Atreaeg, 
J4LS156 36 7408 14) 74154 60 | 4070 14 | LM380N ud TAA2761A 72 | ZN414 85 | ewer Wp $14 dren socket 2 
pacsi67 30. | 3408 14] 74155 39 | 4071 14 | LM380NB 104 | TAAG761A 113 | ZN424P 99 | fiver BB PMA rma % 
410 14) 74156 40 | 4072 14 | LM381N 145 TAAATE5SA 120 | ZN425E 360 PARALLEL TYP ad 
"up SFE Msuning 
ait ‘Ea tec 
Fey ee Ne ay 3p 6 wa 
BOXES METERS argo ange of typos in stock; aso probes, ee a 
leads, accessories, etc. 2820 me 8 Coax 
PANEL Mi i in 60, 100, WA; 1, 5, 10, 50, 100, | Past rave retaners Sockets Pag. Ss 
JOUNTING in 60, 100, 500A; 1, 5, 10, 60, 100, | Pa" me wanes 5 
High quality Black ABS plastic or dio Coomaraeitber modal: MAINS TPE suet vear oN 
caat pin of stove grey. = LESIIGAEARY gg Motor — et 
tL Ww DO ABS Plain Stove Gr 
50 60 25 — — SO0IP 90p 5001 123 7 Range 
wags me Bie 1 he "ta" 
Pp p 6003 184p i 
121 66 40 2004 116p 5004P 162p 5004 210p POTENTIOMETERS 
152 82 60 2005 134p S005P 216p 5005 268p 1 
192 113 61 2006 236p 5006P 314p 5006 401p MULTIMETERS: Cig Weg AE i ace 
tic 87p. Dual (JP20) 41 ir 
VERO RANGE peti hotes G RANGE professional Instrument NHS6A YN36OTR (op 36p wsenener.60 M2 Hn oF 
72 47 25 «© 21024 Bp Cases NEW — 20KN/V: C} 
120 50 35 21390 gap 134 90 44 21089 £7.28N 20K/V — AC/DC/R/ SLIDERS 
180 140 65 21301 sip 224 140 G4 21090 © eIMN | AC/DC/ Gaireanse- [CP | ssi, tow cost 10K 1M lg only 28. Sa 
4 tor Tost: mm’ mono = lin. or log 74p 
in 23 ! “in 21 Pummeallll | 9tere0 matched £1.25, Graduated bezels 34p 
VEROBOX CASES mm ; ess. RBM lee 
130, x 88 x 145 x 96 x IA PRESET 
to give a completely professional finish to a much valued Siam ‘45min Min, 0mm do, Has or Ver, 100ohms 
project. 120K £16.45N 1M 13p 
ABS, light grey top; dark grey bottom + 2 anodised panels laeate to] BEASeaI Tigi 7 Pieeet Germet rgactivoar type 89P 1000hm' 
; — 1m £1.06 oacl 
L D H TYPE BC214L 09 | BFR79-81 £2506 154 Preset Cermet 10mm dia. Horiz. or Vert. 
205 140 40 21034 BC238C 09 | BFT65 E8383 20 1000hm — 29p 
age PH ty Bie poae 09 | BFT66 berry Hs Plesseyu MPW T moulded carbon 470hms 
5 1 Ww 8C258B 09 | BFX29 MJE34 — 2M2 69p each, 
igo 120 «39 = 21037 8¢2678 16 | _BFXB4 MJE2955 95 
80 12008521038 8300 «26 | BFxB5 MJE3055 70 
180 120 90 21039 BC301 24 | BFX87 MPF102 40 
155 85 39 21040 BC303 30 | BFX8S MPS6531 40 RF Chokes 
165 85 60 21041 BC327 16 | BFY5O MPS6534 42 1, 1.1, 4. 10, 47xH ea 
i 830 2hoa7 boar | eves Mesass 36 | 470)H,"ImH Zap 
1 i BFY52 nH, Imt Ps 
125 65 39 21048 BC338 uv BFY9O NAS206S5 81 
125 65 50 21049 BC413 09 | BR34 OAA7 12 
woe me fei 8] ate TE] Oh | MUN BaP ae 
29 | BRY39 AS chrome, 
SEMICONDUCTORS sos “hace | ae | BAe | TE vetow Swope, ott 
1N914 03) 2N3B19 22) AANIB 14 | BA379 38 | Bcea yellow “KNOBS black 
8 = 09. | BSX63 oc28 75 | green 7 4 
i Pad ear Red 13 | Basao.03 36 | Bcsa9 09 | BTi06 023 75 | thigh efficiency) Paar a dk 
oS 28 | Bas70-03 41 | BC550 10 | BT108 0c35 75 | Filamont in red, agate! 
1N4007 06 | 2N3904. 15) ACI27 5 spot 6 
1N4148 2N3906 15| AC128 B BAT14-036 BC556 10 BU105 0C36 9 amber, green or K2 a8 K1, 35mm. 
Whewss Se) EMSS) ASI | onan UH (Goer | ules | ones | Seas Meek ting 
1n5407 18 | 2N4058-62 09] AC153K 20 | Bero7A,8 16. | Bears gg | BUG PN70 To | Gavaoma 4 K3pointer 15 
ZNO? 23) BNtise «ET AGI?8 = 128 | BCtowaie.c 16 | Bc560 10. | BUX28 PN72 05 | LED's RAS ene na 
qi 85 | BCi09B,C’ 18 | BC879 38 | BUX81 Q4006LT 104 | Smmred 10 © ° 
2N930, 20) 2NGzeS = SOT ACYI8. «120 | BciziW 30N | BC880 43. |‘ BUX8S Qso10LT 115 He ig, NB. aeK? taki 
2N1132 23 | 2N4286 18] ACY19 99 ew m8 
ned 3 | Bites) Aevn | BeIaAV im | sevsia we | auton a | Ghosh’ Mo fons 
2N1303 «= 68] 2N4291 24] ACY21 95 | Bci25 0 BUZ20 728000104 scalaaceiaat 
2n1304 © 62 | 2N4292 © 21| ACY39 «170 e 
‘Ms | ua | Asn Te /seie B Bue 7 | Tacit tm | pleruays °  geouanaré: 
2N1308 © 90 | 2N5062 © 32] A136 «830 See ett 
BCI47A 10 asn | 8UZ32 TAG209-600 Common AA 9p C 227p 
2Ni307 7 ahbigzs M0) ADia2 90 | BC149 10 48 | BUZ33 130 | anode D (4H) 376p 
gNises 9g] 2Neae? ge] apler 8 | acisa 6 4g | BUZ4IA TIC106D «= 48.-«|:« MAN72Ared 75 PPS coll (7-2V 
BC160 eT a BUZ44A TIC106M. 55 MANB2A yellow 410 
2N1699 100 2NBI5B BB] ADIS2 = 35 | CIB! «30 BUz45 TICI260 64 110 PPS charger 
2N1613 25 2N5459 36} AFII14 37 | acie7a 09 3% | eucee TIC206D 4: | MANS2A green “408N 
2Ni711 2B) 2NSOEO SO] AFIS = 57 | Bci67B 8 TIc2260 81 410 CHARGER 
2N1a93 © -32| 2NGOS7 «375 AFIIG. «= Ray’ icoaeD 
guzziga 31) G40 a) ArII7 110 | Bctose 09 “e Toate tte | cathode” forany toes 
2N2219A 28) ISAO, 465] AFIZ4AF12637 | BciesB 09 & TPatA. —'38. | MAN?4Arod 85 AA. Cor DN 
BNA 2s | AOE PAE IZ 7 | eciesc 03 FI Tip32A 38. | “MANG4A yellow NCi230._‘820N 
2N2369A 21 | 40361D1S AFI27 37 |eci77 16 8 TIPSIA 8 yer) BULZERS. 
2Nzd84 28 | 40362 68 | ARSOO 19 | Bci788 16 3 Tipaic = 60]: MANS4A 6-15V lid 
Emerg lpi 3] AGsSS = WM | aci798 8 2 | ciosor TIPA2A 45 10 state, 70 
znzooan 35 | 40412 408) AvI2. zoan | ECiez. Oe & | Gosso Tiss 
2N2005A, 25 | 40480 100) ARYIG, §=@7N | cies =o i | C407 TIP2985 65 
2N3053 23 | 40594 123] AFY180  310N | Berea, og | BEZE4 1 | Copa6 TIP3086 BS Ho 
2N3054 «8 | 40595 123) AFYIBES15N | BCigg 0 | BES 4 | Geo T1S43 80 
fais lie ele ay | Bit | ete el Ue 
Iso ir fe i sh 
2N3663 15 | A9903. 18] AUIII — (uso | BROZY 120 | Bras7 & | 24, cle VNrOKM 55 | Also in Manchest, fr personal snappers a 
3702-11 09 | AAII3 13] AUI16) BC212L. 09 | BESS % 166AI 05 Telephone 
2ng771 veo | ANG — 13) AUY22 10.95 | Boris 08. | BEES 438 | Brous bg. | YNBBAF 123. | Computing Shop North: 
2ng704 | AANIT— 13} BOT4O— EN | Beata, og | BEE, «UN | iti PaaS a 


CAPACITORS 
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Polystyrone, Siemans 


5% Tolerance 160V es 


5,7, 10, 12, 15, 18, 22, 27, 33, 39pF 15p: 
47, 56, 68, 82, 100, 120, 150, 180, 220, 
270, 330, 390,'470,'560, 680, 820pF, 1n, 
4n2, 1n5, 1n8, 2n2, 2n7, 3n3, 3n9, 4n7, 
0p; 5n6, 6n8, 8n2, 10n, 13p 
Ceramic’ Very’ small 1.8, 2.2, 2.7 etc, up to 
Jn Bp each. 1n5, 2n2, 3n3, 4n7, 6n8, 5p; 
10n, 22n, 6p; 33n, 47, 7p; 100n; 8p 

Polyester, Siemens ‘Layer Type 7.5mm 
lead spacing 100V 

Jn, 1nB, 202, 3n3m Gp; 4n7, 6nB, 8n2, 10n 
12n, 16n, 18n, 22n, 33n, 47n, 7p'56n, 68n, 
7p; 82n, 100n, 9p 120n, 150n, 15p; 180n, 
220n, 1p; 270n, 330n, 330n, 390n, 470n, 
1p; 560n, 680n, 24p; 10mm spacing 1uF 
2p; 18mm spacing 2u2 5p; 22.6mm, 
spacing 1uF 400V 50p: 3.33uF 100V 69p; In 
depth stocks. 


ELECTROLYTICS 


1/63 40 1000/10 19 
2.2/25 13 1000/16 28 
2.2/63 10 = 1000/2538 
4.7/63 n 1000/40 “4 
4.7/100 1000/63 76 
6.8/40 2200/6 08 
10/6 2200/16 44 
10/25 2200/25 

10/40 2200/40 73 
10/63 4700/16 72 
10/100 4700/25 90 
22/10 10 

22/25 n 

22/40 14 TANTALUM 
22/63 15 BEARS 
22/100 16 0.1/35 13 
47/3 03 (0.22/35 8 
47/10 n 0.47/35 13 
47/25 12 1.0/36 B 
47/40 16 22/16 13 
47/63 7 22/35 6 
47/100 18 47/16 16 
100/3 03 4.7/35 18 
100/10 13 (6.8/16 16 
100/16 14 (6-8/26 24 
100/25 15 «(10/63 16 
100/40 15 10/16 18 
100/63 = 20.10/28 8 
100/100 27, 22/6.3 18 
220/10 16 22/16 30 
220/16 = 1622/28 30 
220/25 18 33/6.3 rd 
220/40 = 2033/10 30 
220/28 28 4716.3 30 
220/100 42,—100/10 80 
470/10 19 “For full ranges 
470/16 19 of_ very many 
470/25 19 ~—other—_types 
470/40 27,_— please ‘see Cat 
470/63 48 ~=—«82._ and/or cur- 
470/100 73-—_rent price list, 
SOLDERING IRONS 

‘Also. largo stocks of bits, desoldering 
devices, accessories, otc. 

ANTEX C:240V " £4.60N; _X,25-240V 


£5.30N; CSBP £5.45N; XSBP £6.56N; ST4 
Stand £1.70N 

ORYX 50 watt temp. controlled £13.75N 
SOLDER 500gm/18SWG £7.60N; Desolder 
braid 1.5m 54p 


SWITCHES 


Type CK—1P/12 way, 2P/6 way, 3P/4 
way, 4P/3 way 48p; Min Toggles ~'S7101 
SPOT 87p; $7201 DPOT 80p; $7301 3POT 
£1,64; $7203 DPOT 96p; Push Button min, 
31 ‘mako/8693 break 62p; 8225 DPOT 
DUAL IN LINE ERG colour coded 0.3" x 
0.1" format, On/Off single throw 2P SDS2 
4p; 4P SDS4 96; 6P SDS6 £1.38; 8P SDSB 
£1.87; 10P SDSO £2.10. Low cost D-I-L 4P 
DNSO4 65p; DNSOB £1.00 

LATEST PRICE LIST 
includes many new additions to items in our 
catalogue. 
CATALOGUE incl 70p rofundable voucher, 
70p post free with price lst. 
Largo S.A.E. brings price list only FREE 


RESISTORS 


1/4, 1/3, 1/2, 3/4 watt — all 2p each, 10 
of one value 16p 

2% Mullard metal film 5.1 ohms — 300K Sp 
‘each, 10 of one value 40p 

5% wire wound 3W or 7W, most E12 values 
1.2ohms to 8K2 9p each 10 for 70pN. 


CREDIT CARD ORDERS can 
be accepted via Mail Ordor or 
Telephone. Giro A/c no. 
38/671 /4002 


VAT additional at 15% on all UK orders 
FREE POSTAGE and packing om UK 
C.W.O. orders value £5.76 (inc. VAT) and 
upwards. Under £5.75 add 40p (inc. VAT) 

DISCOUNTS on orders over £23.00 — 5% 

£57.50 — 10% 

Not applicable to ‘Net’ items (shown by 
‘Net’ after the price) or to orders paid for by 
credit cards. 


PLEASE MENTION THIS JOUR- 
NAL WHEN ORDERING OR 


WAITING IN TO'US. 


ELECTROVALUE LTD 


Office, Mail Order Dopt and Shop 
28 K St, Judes Road, Englefield Groon, Egham, Surroy TW20 OHB Tolephone Egham 
(STD 0784: London 87) 33603; Telex 264475 


1, Manchester M19 1NA. 
1-432 4945 


700 Burnage Lane, Manchester Telephone 061-431 4866 
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advertisement 


MMiarshalls 


A. Marshall (London) Ltd. 
85 West Regent Street, Glasgow G2 20D. 
041-332-4133. TIlx 261507 ref 2194 


WISH ALL THEIR CUSTOMERS 
A HAPPY AND BUSY 1983, 
AND REMIND THEM THAT ALL 
SALES, BOTH RETAIL AND 
INDUSTRIAL, ARE NOW 
HANDLED FROM OUR GLASGOW 
ADDRESS: 

RING GAVIN BRIGGS 
OR ALAN SUGDEN ON: 
041-332-4133 


for PRICES AND QUOTATIONS FOR ALL 
YOUR ELECTRONIC REQUIREMENTS — 
INSTRUMENTS, COMPONENTS AND 
ACCESSORIES — also KITS. 


WE NO LONGER HAVE ANY ADDRESS 
IN LONDON, BUT WE KNOW YOU WILL 
BE A SATISFIED CUSTOMER IF YOU 
CONTINUE TO DEAL WITH 
MARSHALLS, THE FIRM WHO HAVE 
BEEN IN THE BUSINESS FOR MORE 
THAN TWENTY YEARS! 


Marshalls 


A. MARSHALL (London) Ltd. 
(0600 6363 for ‘Mrs. M.‘) 


= 
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Send Cash/Postal Orders/Cheques made out to: 


COMPONENT DISTRIBUTION SERVICES 

Grange Farm, Back lane, 

East Langton, Market Harborough. 

Leicestershire. 

For goods by RETURN. 
Full Kit of Semiconductors 
required for ‘CRESCENDO’ 

KBPC 2502 x 2 | STKO80 = 30 Watt 

RMS Mono Audio 
Amp £ 2.50 ea incl 


FULL DATA 


BZY 88C12 x 2 
1N4148 x 2 
. BC546A x 3 
. BC 556A x 3 
. BC560C x 1 
. .BF470x1 
BC 550C x 1 | TDA 2002 = 
BF 469x117 Watt RMS £ 2.00 
eo <3 | Per PAIR Incl Full 


ke | DATA 


Please mention 


elekitor 


when ordering goods or 
requesting information 
from advertisers. 


TIME CLOCKS 

200-250 V, 50 Hz Motor — 24 Hour Spun Aluminium Dial — SP. 
Isolated, 15 A Contacts Manual Overide Button — 3'’x3.25''x 2.25" 
deep — Integral mounting bracket. 
British made £4.95 EACH. P & P £ 1.00 
7 Day version as above but individual days can be selected to switch 
as required eg: stay off weekends or switch on in seven days time etc 

£7.95 EACH. P & P £1.00 

HIGH QUALITY RELAYS 

,220-250V Coil, 2 PCO 5A gold plated contacts, 1’’x0.7"x1.3" 
‘high, P.C.B. mounting £1.00 EACH 6 FOR £5.00 
12 V Coil Miniature Low Profile P.C. Mounting 2 PCO 1.2" x 0.9" x 
0.4". Gold Plated contacts2A ....£1.50EACH 4FOR£5.00 
24 V Coil (will switch on 12V DC) 2P normally closed. 10 Amp. 
Silver contacts 1.2’x1.2'"'x1,8" high £1.00 EACH 6 FOR £5.00 
24V DC Coil Miniature P.C.B. 1x0.4"x1" high S.P.C.O. GP. 
Silver 5 A Contacts 80pEACH 5 FOR£3.50 
P&P 1-6 RELAYS 50p 6OR MORE £1.00 


TO 220 REGULATORS 
E 40p EACH 
100 FOR £ 25.50 
MINIATURE BEAD THERMISTORS 
3 kQ @ 0°C, 100 2 @ 100°C. Ideal for making Thermometers etc. 

£1.50 PER PAIR on PTFE Leads P & P 30p 

‘SIEMENS’ FULL SPEC LED’S Red, Yellow, Green 
10 of one colour £ 1.00 10 OF EACH £ 2.50 
10 OF EACH £ 2.50 
P&P 30p 


10 FOR £ 3.20 
P&P 30p 


0.125" 
/0.2” 10 of one colour £ 1.00 


THORN VIDEOSTAR NICAD PACKS VA 214 
12V 1.8 Ah 
Contain 10 x “C” Cells (HP 11) which alone would cost in excess of 
£20.00 These are all ex-equipment but are a superb buy at £8.00 
each or 3 for £20.00 postage — for one pack £1,00 for 3 packs £2.00 

7 SEGMENT DISPLAYS 
0.4” FND353 Common Cathode. . 40p EACH 10 FOR £3.00 
0.56’ FND 510 Common Anode. .. 60p EACH 10FOR £ 4.00 
0.8" FND 850 Common Cathode.. 90p EACH 10 FOR £6.00 

All supplied with Connection Sheets. 
ALL PRICES INCLUDE VAT 


GEMINI ELECTRONIC COMPONENTS 


Dept K. “The Warehouse” Speedwell street, Deptford, London, S.E.8 
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Thandar’s unbeatable price/per- meters through to logic analysers can be combined with accessories 
formance combination means Thandar have applied the know- which expand applications 

every engineer, serviceman and ledge gained through a history of | beyond the realms of low cost 
technician can enjoy the benefits innovative electronics to give you _ testing. Mains or battery oper- 

of full performance portable test robust instruments with profes- ation and low weight make them 
instruments. sional specifications versatile truly the most portable instru- 
Quality and reliability has been enough for bench or field use at ments available today. 

brought to a wide range of low prices that are hard to beat. All Thandar instruments carry a 


cost instrumentation. From multi- Most of the products inthe range one-year warranty. 


PUTTING THE BEST WITHIN YOUR GRASP 


e@ MULTIMETERS ~~ ere es eo e THERMOMETERS 
| * 
e FREQUENCY © OSCILLOSCOPES 


thandar 112030 20Mr12 LOGIC ANALYSER 


pee: e@ LOGIC ANALYSERS 
e@ PRE-SCALERS = Sire Rabe 
: GENERATORS e VIDEO PRINTER 
e@ PULSE e VIDEO MONITORS 
GENERATORS 


e@ ACCESSORIES 


=~ London Road, St. Ives, Huntingdon, 
Cambridgeshire PE17 4HJ England. 
Tel: (0480) 64646. Telex: 32250. -~ 


Fai ELECTRONICS LIMITED 1S? aa RS: 


1-11 
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SPECIALIST ELECTRONIC COMPONENT DISTRIBUTORS 


325 Edqware Road, London W2 1BN Telephone: 01-723 4242 Telex: 295441 BUSY B 


1983 CATALOGUE NOW AVAILABLE 
Probably the largest stock of ICs and Transistors in the South 
TRY US FIRST! 


rs . CPS 80 Power Supply 22.82 3.42 26.24 2.10 
Crimson Flektrik CPS 80D Dual Power Supply 27.63 4.14 31.77 2.25 
CPS 150 Power Supply 25.86 3.88 29.74 2.50 
PROF CPS 150D Dual Power Supply 31.65 4.75 36.40 2.60 
OFESSIONAL AMPLIFIER: MODULES CPS 250 Power Supply 32.03 4.80 36.83 3.50 
CPS 250D Dual Power Supply 39.43 5.91 45.34 3.65 
TS70 Thermal Switch 70°C 192 0.29 2.21 0.02 
CODE DESCRIPTION Less VAT INC WT HS 50 50mm Heatsink 1.60 0.24 1.84 0.15 
VAT VAT (Kg) HS 100 100mm Heatsink 2.60 0.39 2,99 0.30 
£ £ £ HS 150 150mm Heatsink 3.65 0.55 4.20 0.45 
CE 608 Power Amplifier Module 18.26 2.74 21.00 0.16 FM1 Fan Mounted on 2x HS 100 32.13 4,82 36.95 1.20 
CE 1004 Power Amplifier Module 21.30 3.20 24.50 0.20 FM2 Fan Mounted on 2 x HS 150 36.10 5.42 41.52 1,50 
CE 1008 Power Amplifier Module 23.90 3.60 27.50 0.21 CpR1X Pre-Amplifier Module 31.30 4.70 36.00 0.15 
CE 1704 Power Amplifier Module 30.43 4.57 35.00 0.22 mc2 Moving Coil Pre-Pre- 
CE 1708 Power Amplifier Module 30.43 4.57 35.00 0.22 Amplifier Module 20.00 3.00 23.00 0.07 
CE 3004 Power Amplifier Module 42.60 640 49.00 0.40 REG1 Regulated Power Supply 8.09 1.21 9.30 0.07 
BD 1 Bridge Driver Module 7.13 1.07 8.20 0.06 TR6 6VA Mains Transformer 2.87 0.43 3.30 0.21 


TR80 Toroidal Transformer 80VA 18,00 2.70 20.70 2.00 xO2 2 Way Crossover Module 17.39 2.61 20.00 0.07 
TR 150 Toroidal Transformer X03 3 Way Crossover Module 26.09 3.91 30.00 0.07 
150 VA 20.07 3.01 23.08 2.35 MU1 Muting Circuit for XO 2 
TR 250 Toroidal Transformer or XO3 8.35 1.25 9.60 0.04 
250 VA 25.43 3.81 29.24 3.35 CK1010 Complete Pre-Amplifier Kit 78.26 11.74 90.00 2.50 
TR 2500 = Toroidal Transformer CK 1040 Complete 40 Watt Power 
(low noise) 33.20 4,98 38.18 2.80 Amplifier Kit 103.48 15.52 119.00 7.30 
B6 Bridge Rectifier (6 amp) 0.99 0.15 1.14 0.02 CK1100 Complete 100 Watt Power 
B12 Bridge Rectifier (12 amp) 1.80 0.27 2,07 0.03 Amplifier Kit 129.56 19.44 149.00 7.30 
C4700/40 Reservoir Capacitor and Clip 1.91 0.29 2.20 0.09 MC 2K Add On Moving Coil Kit 21.74 3.26 25,00 0.12 
C4700/63 Reservoir Capacitor andClip 2.40 0.36 2.76 0.11 PSK Pre-Amplifier Power 
C4300/63 Reservoir Capacitor and Clip 2.60 0.39 2.99 0.11 Supply Kit 17.39 2.61 20.00 0.75 


SOLE DISTRIBUTION BRADLEY MARSHALL LTD. 325 EDGWARE ROAD, LONDON W2 1BN. TEL: 01-723 4242 


Mail to: 
ELEKTOR PUBLISHERS., ELEKTOR HOUSE, 
10 LONGPORT, CANTERBURY. CT1 1PE. 


Please attach magazine label here, list new address 
below, and mail six to eight weeks before you move. 
If you are receiving duplicate copies of Elektor, 
please send both labels. Or if you have a question 
about your subscription attach label here and clip 
this form to your letter. 


Surname 


Initials 


1 


Street/Ave./ 


Town 


County/Province/State 


Post code/Zip/Area code 


Country 
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ambit’s new 
autumn/winter 
catalogue 

is 

OUT 

NOW! 


ALL THE ‘USUAL’ BITS v/0)p 
(Rs, Cs, Tr’s, ICs etc) 


+ ALL THE 
TRICKY BITS 


at all good 
newsagents 
or direct 


TOKO COILS, INDUCTORS, LC FILTERS 
PCM FILTERS, VHF/UHF HELICAL FILTERS 
UNELCO CAPACITORS 

PCI INTELLIGENT LCD MODULES 

TOKO SWITCHES : F SERIES/R7000 SERIES 
ALPS POTENTIOMETERS AND 
KEYSWITCHES 

TOYO-TSUSHO COAX RELAYS FOR TX/RX 
CRYSTAL FILTERS, CERAMIC FILTERS 
WELLER SOLDERING IRONS 

COOPER TOOLS 

TEST EQUIPMENT 

BOOKS, MANUFACTURERS’ HANDBOOKS 
HARDWARE, CASES, PANELWARE, ETC. 
MODULES, R&EW KITS 

RF POWER DEVICES 


* 
* 
* 
* 
* 
*” 


+ + + + FF FF 


ORDERS SUBMITTED USING STOCKCODES = 
DESPATCHED WITHIN 8 WORKING HOURS 


* PHONE ORDER SERVICE — (NO MACHINES!) 


PLEASE NOTE OUR NEW PHONE SYSTEM AUTOMATICALLY STACKS CALLS 
IN ORDER OF ARRIVAL SO PLEASE WAIT IF NOT ANSWERED IMMEDIATELY 


8 AM— 7PM MON — SAT 
0277 230909 


* COMPUTER ORDER SERVICE — ‘REWTEL’ 


6 PM — 9 AM: 300 BAUD/RS232 
(IT MAY BE 24 HRS BY THE TIME YOU READ THIS) 


0277 230959 


100, NORTH SERVICE ROAD 


: ambit INTERNATIONAL 


@MIRDP 


wr. 


LTD 
ELECTRONIC KITS 


7 HUGHENDEN 
ROAD, HASTINGS, 
SUSSEX. TN34 3TG 

Telephone: 
HASTINGS (0424) 
436004 


Post & Packing 50p for KS kits, 75p for UK kits, £1.00 for Cabinets. Send 20p S.A.E. for 
catalogue of our extensive range of kits & Cabinets, Trade, Educational & Export enquiries 


welcome. 


MINI VHF SUPER- 
REGENERATIVE 
RECEIVER 

88-108 MHZ 9V D.C, 
£5.27 inc V.A.T. 


3 CHANNEL MICRO- 
PHONE OPERATED 
SOUND TO LIGHT, 
300W PER CHANNEL, 
240V AC. 

£ 11,58 inc V.A.T. 


10 CHANNEL CHASE 
LIGHT, 300W PER 
CHANNEL, 240V A.C. 
£ 14,73 inc V.A.T. 


6 CHAN HIGH POWER 
VU DISPLAY, 300W 
PER CHAN, 240V A.C. 
£ 15.79 inc V.A.T. 


UK 677/A 


REGULATED SUPPLY 
0-20 V, 2.5 
£ 54.23 inc V.A,T. 


0-30V, 2.5A 
REGULATED SUPPLY 
WITH DIGITAL 
DISPLAY 

£ 76.82 inc V.A.T. 


CENTRALIZED 
ANTI-THEFT ALARM 
£ 33.67 inc V.A.T. 


Rega TED: 
‘UIT AMPLIFIE: 
WITH TONE & 8 


VOLUME CONTI 
£8.42 inc VATS 


Mini FM Transmitter 
88-108 MHz 9 V d.c. 
(not licenceable in UK) 
£7.37 inc V.A.T. 


3 CHANNEL SOUND 
TO LIGHT, OUTPUT 
3x 1 KW 240V 

£ 13.70 inc V.A.T. 


THREE-WAY STEREO 
MIXER, PHONO, 
AUX, MICROPHONE 
£ 24.21 inc V.A.T. 


STEREO STUDIO 
MIXER, INPUTS: 

2 PHONO, 1 TAPE, 
1 AUX, 2 MICRO- 
PHONE 

£69.45 inc V.A.T. 


s 
) 


fear © 
\ ,) 


600 MHz PRESCALER 
+5V DC. 
£ 28.42 inc V.A.T. 


K 733/A 


PSYCHEDELIC 
LIGHTS CONTROL 

i K.W. PER CHANNEL 
BASS-MIDDLE- 
TREBLE CONTROLS 
£ 23.15 inc V.A.T. 


UK 406 


F od 


PORTABLE SIGNAL 
TEACER, COMPLETE 
WITH R.F. PROBE 

£ 24.21 inc V.A.T. 


CAR BURGLAR 
ALARM. READY 
ASSEMBLED 

£ 11,58 inc V.A.T. 


MINIATURE F.M. 
TRANSMITTER. 
NOT LICENCEABLE 
IN U.K. 

£ 9.46 inc V.A.T. 


3 CHANNEL CHASE 
LIGHT, 1 KW PER 
CHANNEL, 240V A.C. 
£ 10.52 inc V.A.T. 


\ 


ANTENNA AMPLI- 
FIER FOR AM/FM, 
A.M, GAIN 25 dB 
FM 15 dB 

£5.27 inc V.A.T. 


WESTMINSTER 
CHIMES (BIG BEN) 
6-10V D.C. 

£ 9.48 inc V.A.T. 


TRANSISTOR AND. 
OIODE TESTER 
£ 14.73 inc V.A.T. 


Capacitive Discharge 
Electronic Ignition 
£21,584 inc V.A.T. 


SOUND OPERATED 
SWITCH, 9-12V D.C. 
COMPLETE WITH 
MICROPHONE 
£8.42 inc V.A.T. 


DIGITAL D.C. VOLT 
METER, 

999 MV-999V, 
O05VDC 

£ 17.89 inc V.A.T 


KS 490 


Ag / 


NICAD BATTERY 
CHARGER, 
10-20-45-100-150 mA, 
15V D.C.MAX 

240V AC 

£ 8.42 inc V.A.T 


L.E.D. VU DISPLAY, 
INPUT 1-100W. 
§-12V DC, 

£ 9.48 inc V.A.T. 
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UNIVERSAL NICAD CHARGER TYPE FC4 
£24.50 + £1.50 PaP 


:240 V AC 60 Watts. 


Power requirement 


Constant current 
generator 


‘+ Variable from 10 mA to 
4 amps, Log Scale. 
‘Regulation OK’ lamp 
extinguishes on too high a 
load. 


Auto Timer : Variable from 1 min. to At 4 amp rate MDa lls. iva ntere 60 mins. 


60 mins. + 14 hrs. switched SiCalls: ue sirase ne 30 mins. 
position. 506 C Cells .... 18 mins. 
Manual start and stop AA Cells ...... 7 mins. 
buttons. 


Timer on lamp. 

: Power on lamp, mains 
switch on current control 
knob. 

: Will trickle charge at 
14 hrs. rates up to 12, 

1.2 V Cells or 2 110 mAH 
8.2 V mass plate cells. 
Will fast charge up to 7 of 
most types of sintered 
1.2 V cells within one hour. 


(Note: Lower currents and longer times may of 


Other indicators course be used) 


SOUTHERN TECHNICAL 
SYSTEMS, 

UNDERLYN FARM, 
MAIDSTONE ROAD, 
MARDEN, 

KENT TN12 9BE 

Telephone Maidstone 831022 


Capabilities 


for your copies of Elekfor 


THE ELEKTOR 
CASSETTE BINDER 


This cassette style binder will help to keep 
your copies of Elektor clean and in 
order, even though you refer to them 
time and time again. The cham- 
fered corner of the cassette allows 
instant recognition of each 
month’s issue without the need 

to thumb through pages of pre- 
vious months’ issues. Because 

no wires or fastenings are used 
copies can be easily removed and 


PRICE £2.90 
inc. postage & packing 


available from — 
Elektor Publishers Limited, 


shelf, 


1-14 


replaced and each cassette will hold 
one year’s volume of Elektor. Their smart 
appearance will look good on any laboratory 


10 Longport, 

Canterbury, 

KentCT1 1PE. 

please use the order card in this issue. 
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HOME LIGHTING KITS 


These kits contain all nevessary components and full 
instructions & are designed to replace a standard wall 
switch end control up to 300w. of lighting 

TOR300K RemoteControl £14.30 


Dimmer 
MK6 —Transmitterforabove £ 4.20 
TD300k 


Touchdimmer £ 7.00 
TOE 


Extension kit for2-way 
switching forT0300k £2.00 


LO300K Rotary Controlled 


Dimmer 


£3.50 


HOME CONTROL CENTRE 

This New Kemote Control Kit enables you to 
control up to 16 different appliances any- 
where in the house from the comfort of your 
armchair. The transmitter injects coded 
pulses into the mains wiring which are 
received by receiver modules connected to 
the same mains supply and used to switch on 
the appliance addressed. Receivers are 
addressed by means of a 16-way keyboard, 
followed by an on or off command. Since 
pushing buttons can become rather boring, 
the transmitter also includes a computer 
interface so you can programme your favour- 
ite micro to switch lights, heating, electric 
blanket, make your coffee in the morning, 
etc., without rewiring your house, JUS 
THINK OF THE POSSIBILITIES. The KIT 
includes all PCBs and components for one 
transmitter and two receivers, plus a drilled 
box for the transmitter. 

Order as XK112, £42.00 


Additional Recievers XK111 £10.00 


ELECTRONIC LOCK KIT XK101 


CHRISTMAS 
PRESENTS GALORE 


<p 


“J 


EN 


W RADIO KIT 
ZNAIGIC, kitin- 

cludes PCB, wound aerial 
and crystal earpiece and 
all components to makea 
sensitive miniature radio. 
Size: 5. 5x 2.7% 2 cms. 
Requires PP3 QV battery, 
BEGINNERS. 
£5.00 


iT 
HT DIMMER Kt 
beats all compo- 


ENE transistor 
ize 155x88x31 i edance 10M, 
Test leads included” equiros Ona Sy battery, 


6) 
INLY £29.00 lig! 
STOCKING FILLERS 


650 Resistors 47 ohm to 10 Mohm - 10 per value £4.00 
PACK (2) 40x 16V Electrolytic Capacitors 10uF to 1000uF - 5 per value £3.25 
PACK (3) 60 Polyester Capacitors 0.01 to 1uF/250V - 5 per value £5.55 
PACK (4) 45 Sub-miniature Presets 100 ohm to 1 Mohm - 5 per value £2.90 
30 Low Profile IC Sockets 8, 14 and 16 - pin - 10 off each £2.40 


DVM/ULTRA SENSITIVE 
THERMOMETER KIT 


This new design is based on 

the ICL7126 (a lower power 

version of the ICL7106 chip) 

and a 31/2 digit liquid crystal 

display. This kit will form the 

basis of a digital multimeter 

(only a few additional resistors and switches 
are required—details supplied), or a sensitive 
digital thermometer (60°C to +150°C) 
reading to 0.1°C. The basic kit has a 
sensitivity of 200mV for a full scale reading, 
automatic polarity indication and an ultra 
low power requirement—giving a 2 year 
typical battery life from a standard 9V PP3 
when used 8 hours a day, 7 days a week. 


Price £15.50 
DISCO LIGHTING KITS 


DL 1000K 

This value-for-money kit 

features a bi-directional 

sequence, speed of sequence 

and frequency of direction 

change, being variable by 

means of potentiometers and incorporates a| 
master dimming control. £1.4,60 

DLZ100K 

A lower cost version of the above featuring, 
undirectional channel sequence speed| 
variable by means of a pre-set pot. Outputs| 
switched only at mains zero crossing points 
to reduce radio interferenre to a minimum. 


rorar Only £8.00 


eat”) light rompaneg, 
Op 


Optional opto inj 
Allowing audio (" 
DL3000K 
This 3 channel sound to light kit features zero 
voltage switching, automatic level contro! & 
built in mic. No connections to speaker or amp 
required. No knobs to adjust ~ simply connect 


to mains supply & lamps. Only £11.95 


(1Kw/Channel) 


“OPEN-SESAME” 


The XK103 is a genoral purpose infra-red trans. 
mitter/receiver with one momentary (normally 


PACK (5) 
This KIT contains a purpose designed lock IC, i : 
10-way keyboard, PCBs and all components 
to construct a Digital Lock, requiring a 4-key 
sequence to open and providing over 5000 
different combinations, The open sequence 
may be easily changed by means of a pre- 
wired plug. Size: 7 x 6 x 3 cms. Supply: 5V to 
15 V d.c, at 40uA, Ouput: 750mA max. 

Hundreds of uses for doors and garages, car 
anti-theft device, electronic equipment, etc. 
Will drive most relays direct. Full instructions 


supplied. 
ONLY £10.50 
Electric lock mechanism for use with latch 
locks and above kit . 
£13.50 


ALL PRICES 
EXCLUDE VAT 


THE MULTI-PURPOSE TIMER HAS ARRIVED 


Now you can run your central heating, lighting, hi-fi system and lots 
more with just one programmable timer. At your selection it is 
designed to control four mains outputs independently, switching on 
and off at pre-set times over a 7 day cycle, 0.9. to control your central 
heating (including different switching times for weekends), just 
connect it to your system programme and set it and forget it—the 
clock will do the rest, 


FEATURES INCLUDE:- 
* 0.5" LED 12 hour display. 
Day of week, am/pm and output status indicators. 
4 zero voltage switched mains outputs. 
50/60Hz mains operation. 
Battery backup saves stored programmes and continues 
time keeping during power failures. (Battery not supplied), 
Display blanking during power failure to conserve battery power. 
18 programme time sets. 
Powerful "Everyday" function enabling output 
to switch every day but use only one time set. 
Useful “sleep” function-turns on output for one hour. 
* Direct switch control enabling output to be turned on 
immediately or after a specified time interval. 
20 function keypad for programme entry. 
Programme verification at the touch of a button. 


(Kit includes all components, PCB, assembly 
and programming instructions). ORDER AS CT5000 


SHORT FORM CATALOGUE - send SAE 
(6" x9"). We also stock Vero, Books, 
Resistors, Capacitors, Semi-Conductors etc. 


Free 


ELECTRONIC 


11 Boston Road 
London W7 3SJ 


PACK (6) 25 Red LEDs (5mm dia.) £1.25 
PACK (7) 20BC182 NPN General Purpose Tran: 
PACK (8) 20 BC212 PNP General Purpose Tran: 


All full spec. branded devices 
BUY ANY 5 PACKS AND WE WILL SEND YOU 10 RED LEDs 


a ‘and 
BARCLAYCARD 
wolcome 


in the home for switching lights, TV, closing 
curtains, etc. Ideal for aged or disabled 
ersons. 

Fhe Kit comprises a mains powered receiver, @ 
four button transmitter, complete with pre 
drilled box, requiring a 9V battery and one 
opto-isolated solid state switch kit for inter- 
facing the receiver to mains appliances. As 
with all our kits, full instructions are supplied, 


ONLY £23.75 


tors £1.20 
tors £1.20 


REMOTE CONTROL KITS 
MK6 SIMPLE INFRA RED TRANSMITTER 
Pulsed infra red source complete with hand-held plastic box. Requires a 9V battery 
MK7 INFRA RED RECEIVER 
Single channel, range approx. 20ft, Mains powered with a triac output to switch loads up to S00W 
‘at 240V ac. £9.00 {RC5OOK ~Special Price for MK6 and MK7 together £12.50 
MK8 CODED INFRA RED TRANSMITTER 
Based on the SL490, the kit includes all components to make a coded transmitter and only 
requires a 9V (PP3) battery and keyboard, 8 x 2 x 1.3cms £5.90 
MK10 16-WAY KEYBOARD 
For use with MK8 and MK18 to generate 16 different codes for decoding by the ML928 or ML926 
receiver (MK12) kit £5.40 
MK11 10-Channol + 3 Analogue o/p IR Receiver 
Based on ML922 decoder IC. Functions include on/standby output, toggle, control of volume, 
tone and lamp brightness. Includes its own mains supply. £12.00 
MK12 16-CHANNEL IR RECEIVER 
For use with MKB kit with 16 on/off outputs, which with further interface circuitry, such as relays 
or triacs, will switch up to 16 items of equipment on or off remotely. Latched or momentary out- 
uts ~ please specify when ordering. Includes its own mains supply. £11.95 
IK13 11-WAY KEYBOARD For use with MK8, MK18 and MK11 Bits! £4.35 
MK16 Mains Powored IR Transmittor 
Mains powered for continuous operation ~ single channel, for applications such as burglar 
alarms, automatic door openers, etc. Range approx. 6 ft £2.50 
M17 12V d.c. IR RECEIVER, 
For use with MK6 or MK16. Relay output with DP 3 Amp chan, 
latched, momentary or “break beam” receiver. Operates from 
MK18 HIGH POWER IR TRANSMITTER 
Similar to MKB but with range of approx. 60ft. £6.20 
Ancillary Kits : MK2 Solid State Rolay 
Opto-isolated with zoro voltage switching. No. triac supplied. £2.60 
MK15 DUAL LATCHED SOLID STATE RELAY 
Comprises 2 x solid state relays and latch for use with momentary 
version of the MK12, 2 output triacs required (not supplied). £4.50 


24 HOUR CLOCK/APPLIANCE TIMER KIT. 


Switches any appliance up to 1kW 
on and off at present times once per 
day. Kit contains: AY-5-1230 IC, 
0.5" LED display, mains supply, 
display drivers, switches, LEDs, 
triacs, PCBs and full instructions, 


‘Add 65p postage & packing +15% VAT to total. 
Overseas Customers; 
Add £2.50 (Europe), £6.00 (elsewhere) for p&p. 
Send S.A.E. for further STOCK DETAILS. 
Goods by return subject to availability. 


OPE , 9am to 5pm (Mon to Fri) 


10am to 4pm (Sat) 


‘ALING § NORTH 
‘CIRCULAR RO 


£4.20 


‘over contacts, may be used as 
3V dic. 4 £9.50 


CT1000K Basic Kit ..... 
CT1000K with white bo: 
(Ready Built) ..... 


LT GARAGE 


ACCESS 
TEL: 01-567 8910 ORDERS. 

01-579 9794 ENQUIRIES 

01-579 2842 TECHNICAL arter 3PM 
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MAMOMISG: Sasi ueneraas oo danas 
all parts includingPCB........ 
case, front panel, switch and neon 


FGPG OMISBE sions erarc tw yak anal 82162 
*Mosfet Hi-Fi Power Amplifier ... 82180 
PM TIMOPCOE sto. Gveacrie: o-3y90° wo Se 82179 
GUitat TUNER scavene hans. a4-goe aera 82167 
* High frequency lighting for 

Model Railways ......+.--% 82157 
*DoorAlari « sssesia)-« giakie s Waar’ 82172 
“House Telephone System ...... 82147-1/2 
“Time Receiver for the 

Rugby MiSiF.. oa eile ee nuns 80524 
*Three Phase Tester ......-..- 82577 
*L.C.D. Thermometer ........-. 82156 
*Darkroom Computer........- 82141-1/2/3 
* Active Aerial .........0000- 82144-1/2 
*Light Sensitive Switch ........ 82528 
*Sound Effects Generator ...... 82543 
CUARtiStis ig Rratenn.8 bath Gitensmarinahiss 82014 
*6502 Housekeeper .......... 81170-1/2 
*TV Sound Interface ......--- 82094 
*Dynamic RAM Card .......-+ 82017 
*2114 RAM Tester. ......0005 82090 
*Wind Sound Generator ....... 82066 
* Automatic Squelch .......... 82077 
*Teletext Power Supply ....... 82065 
* 2716/2732 Programmer ......+ 82010 
“Frequency Multiplier......... 82041 
* Flashing Lights... 1... 2.60.00. 82038 
MH igh!BOOSt: i d:6. as GeePdietireue spc 82029 
*Telephone Amplifier ........- 82009 
*Shutter Speed Meter ........- 82005 
Past Poster, cca sa canteen a ecsisige 80130 
Mm Steam ava lian sis cudsitelennare ates 80019 
US Chambleh va ayaa auragevanivn omits 81142 
*Parametric Equaliser (inc. 4 PCBs) .9897-1/2 
Tra A BURAY? ative vessateietensee ai-« wecapleaee 80054 
“Elektornado: «a0. dae ea were ays a 9874 
*VHF/UHF TV Modulator...... 9967 
*Pre-consonant .......-.0005 9954 
*Cassette interface .......-.-5 9905 
* Audio Analyset aes. scree seu ae 9932 
*Power Flasher ...5...000005 78003 
*Disco Ceiling Lights ........- 81012 


N= 


95 
90 
95 


50 


==]0-= 
DOO PPADS SOON 


hhh hhh hhh hhh hhh 
Ny 


R.F, Noise Bridge ........-.% 


S.W.R. Warning Alarm........ ZW18 
* Beginners Short-Wave Receiver .. ZW11 
Active Receiving Antenna ..... ZW10 
Beginners 2 metre Converter .... ZW6 
Wide Band R.F. Preamplifier. ... ZW8 
A.F. Speech Processor .......+ 2W14 
FUZZEBOX gsesadeier Siege ates @ ye tates ch ZB106 
Lights Reminder for Car ...... ZB32 
Microchime Door Bell ........ ZB96 
Electronic Canary.........+. ZB19 
Warbling Timer ......--046- ZB5 
Electronic Tuning Fork .......- ZB7 
Slide/tape Synchroniser ....... ZB42 
Micro Music Box ......-.065 ZB45 
Audio Effects Unit .......... ZB122 
3 Channel Sound to Light ..... 2B127 
Soil Moisture Monitor ........ ZB132 
3 Channel Stereo Mixer ....... ZB141 
LEED. DIGG? Aeterna tty oupeatarn ZB146 
Digital Rule Ultrasonics ....... ZB148 
*Xenon Strobe Lamp .......... ZB161 
L.E.D. SandiGlassiitiic etaareies ZB162 
Audio Compressor Mixer ...... ZB168 
Model Train Chuffer ......... ZB175 
Ice Warning for Cars ........- ZB226 


*2K RAM Pack (Mem, Exp. 2X81) .2B230 


*No cases supplied 


Reprints of all above projects 40p each (+ S.A.E. i 


kit required) 


SPECIAL OFFERS 


ATSZIEPROM( is oce ct ieisdcorsrscvon 08 each 
AD AGT 162 es... 0 on semeseia dn a 
1N4148 diodes............. 100 
BYCUZTGORSS H's i uitedaces os 10 
100 
Ultra sonic transducers 
transmit/receive .........05 pair 


Computer electrolytics 21,000 up 40 V 


BIG DISCOUNTS ON LARGE QUANTITIES 
VAST SELECTION OF ELEKTOR BACK ISSUES 


All prices include post & 15% V.A.T. 
Personal callers ring first to check availability of kits. 
VISA/ACCESS welcome. 


VERY WIDE SELECTION OF ELECTRONIC COMPONENTS- CMOS,TTL,LS, TRANSISTORS etc. 


MANY BARGAINS FOR CALLERS. VISIT OUR SHOP AT... 
311 EDGWARE ROAD, LONDON W2. 
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ae 


or telephone 01 723 9246 


Closed Xmas Eve 


No phone calls Saturday afternoon 


Shop hours: Mon. to Sat. 9a.m. — 6p.m. 
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Cutting costs with sparks 


by R.A.J. Arthur 


A new technique for machining hard 
metals is 50 times faster than the 
closest comparable process, It 
promises great benefits to the aircraft 
and motor industries and, because it 
can be used under water, will be a 
valuable aid for offshore work. 

Using sparks in liquids to drill 

holes in hard metals under the sea, 
though it sounds arcane enough to 
conjure up the ghost of Jules Verne, 
is a literal description of Aberdeen 
University’s latest contribution to 
underwater technology. A revalu- 
ation of existing methods has led a 
research team at the University to 
anovel way of removing metal 

50 times faster. 

One technique of spark erosion 
developed in recent years for drill- 
ing or cutting to shape some of the 
very tough, heat-resistant alloys 
needed in the aircraft, motor-vehicle 
and offshore oil industries is Electro- 
discharge machining (EDM). It offers 
an alternative to expensive high- 
energy beam processes such as laser 
and electron beam drilling, 

But EDM, though it can drill accurate 
holes, has the disadvantage of causing 
damage to surfaces, It cannot be used 
under water, and is slow in compari- 
son with another recent technique, 
electrochemical machining (ECM), 
which removes metal by electrolyses, 


ECM leaves a better surface than 
EDM, but the effect can be spoiled 
by accidental sparking, which often 
occurs in long holes of small diameter, 
The technique now developed com- 
bines the principles of EDM and 
ECM, is completely suitable for 
undersea application and brings a 
remarkable gain in speed and flexi- 
bility. Called Electrochemical Arc 
Machining (ECAM), it was evolved 
by the team at Aberdeen, led by 
Dr J. McGeough of the Department 
of Engineering. 


Electrolysis and Sparks 


Up to 50 times as fast as EDM, the 
new process depends, as does ECM, 
on the passage of direct current 
through an electrolyte, an ion- 
containing solution in which 
positively-charged ions move towards 
the cathode and negatively-charged 
ions towards the anode of an electric 
circuit, thereby releasing reaction 
products, In ECAM, this electrolysis 
is supplemented by spark erosion: a 
shower of tiny sparks (or, more 
precisely, arcs) cuts or drills metals 
to any desired shape. 

There are lightweight tools for divers 
to use the process, complete with a 
power pack, Because the electrode 
never actually makes contact with 
the work surface and does not need 
to rotate like a drill, it can be of any 
shape, depending on the type of cut, 
and a soft metal can be used to 
machine a hard one. Other possible 
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ensures a bright, smooth finish. 


Schematic diagram of an ECAM drilling machine. Sparking in the electrolyte takes 
place at the leading edge (A). Along the side walls (B, C) electromechanical machining 


ECAM applications include rapid 
removal of surplus material on car 
bodies, metal turning and wire 
cutting. 

In the ordinary EDM process the 
workpiece acts as one electrode and 
the tool as the other. To remove 
metal, a shower of erosive sparks is 
discharged across a dielectric. 
Although most erosion occurs on the 
workpiece, there is also tool erosion, 
which, by well-chosen process condit- 
ions and tool materials, can be redu- 
ced to about one per cent of work- 
piece erosion, 

In ECM the metal is removed from 
the anodic workpiece by electrolysis. 
The process is known as electro- 
polishing, which is electroplating in 
reverse, and here, too, the cathode 

is the shaping tool. A small gap 
between the two electrodes is filled 
by an electrolyte. Electrolytic dissol- 
ution from the anode removes metal 
at a higher rate than is possible with 
EDM. 

Whereas sparking does the work in 
EDM, in ECM it is a defect to be 
eliminated, with measures to prevent 
short-circuiting. From this came the 
germ of an idea that the powerfully 
eroding sparks could be made to play 
a positive part in a process based on 
electrolysis. 


Thermal action 

The principle of ECAM is to augment 
the electrochemical action by thermal 
metal removal. The lifetime of the 
sparks is extended. In this technique 
a spark is regarded asa transient, noisy 
discharge between two electrodes 
and an arc as a stable thermionic 
phenomenon, Discharges with dura- 
tions from about 1 us to about 1 ms 
are sparks, and those of 0.1 s are arcs, 
Discharges in ECAM, with their dura- 
tion, energy and time of ignition 
completely under control, are not 
really sparks but short-duration arcs. 
Such arcs remove metal by intense 
heat; more metal is removed simul- 
taneously by electroplating in reverse 
as a flowof electrolyte under pressure 
is maintained in the gap (typically 
1mm) between tool and anodic 
workpiece, which could be a large 
object such as a ship’s hull or an 
underwater structure, 

In some versions, the electrolyte is 
pumped out from the hollowed centre 
of a copper cathode tool, to flow 
between tool and workpiece where it 
also serves to flush out debris, gas 
and heat. The similarity between 
saline electrolytes and sea water 
makes the sea as natural an element 
for ECAM work as paraffin or light 
oil is for EDM. 

One factor to do with the high rate 
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bright and smooth. 


of metal removal is the use of elec- 
trode vibration. In the basic exper- 
imental apparatus, the vibration is 
applied to the anodic workpiece by 

a hydraulic ram, which also feeds in 
the workpiece to the tool. 

The apparatus compromises a system 
for controlling the movement of the 
electrode, an electrolyte flow system, 
a power supply and instrumentation 
to enable process conditions to be 
monitored. The ram which advances 
the anode to provide tool-feed, 
vibrating it at the same time, operates 
from a hydraulic cylinder, Motion of 
the ram is controlled by a differential 
amplifier that receives a ramp voltage 
from a function generator. 

Ram feed-rate is preset by adjusting 
the frequency of the signal generator. 
Ram oscillation frequency is con- 
trolled by the output frequency of 
the generator and can be locked to 
that of the pulsed d.c. power supply. 
The amplitude of ram oscillation can 
be controlled by the amplitude of 
the output signal of the signal 
generator and also from the differ- 
ential amplifier. Ram position can be 
adjusted from the differential ampli- 
fier. 


Electrolyte 


In some applications, the electrolyte 
is a 25 per cent (weight/volume) 
aqueous solution of sodium nitrate 
at a temperature of between 18 C 
and 21 °C. It is drawn from a storage 
tank by a diaphragm pump, anda 
control valve in the flow line to the 
drill-electrode allows pressure to be 
present in the range from 13 bar to 
120 bar. During drilling, electrolyte 
pressure is kept constant at 30 bar. 
With a one-millimetre gap between 
electrodes, the rate of flow is typi- 
cally 6 I/min reducing to about 

2.5 |/min with the deepening of the 
hole. 

The cathodic drill electrode, a hollow 
copper tube 50 mm long and with an 
inside diameter of 1.325 mm and 
outside diameter 3.175 mm is 
soldered to a threaded bolt and 
screwed into a brass electrolyte mani- 
fold. Anodic workpieces used in 
experiments consisted of mild steel 
blocks mounted on a Perspex block. 
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The means for the formidable rate of 
metal removal in ECAM was provided 
by exploiting certain characteristics of 
sparks in an electrolyte. Increasing 
the electric field across the electrodes 
or decreasing the gap causes the 
neutral particles to become ionized 
by electrons emitted from the cath- 
ode and accelerated towards the 
anode; the positively-charged ions 
(cations) are accelerated towards the 
cathode. As more and more ijoniz- 
ation takes place, a chain reaction 
builds up and creates an avalanche 
of ions in a region of complex inter- 
actions, that is, the plasma channel. 
Full development of a spark is very 
rapid and, once initiated, the spark 
can be maintained by a much lower 
voltage. Temperatures of many 
thousands of degrees Celcius in the 
plasma channel mean that any 
electrolyte or metal debris in the 
path of the discharge will be quick- 
ly evaporated, leading to the explosive 
expansion of a high-pressure bubble. 
Forces that oppose expansion include 
local pressure of the electrolyte, 
inertial and viscosity forces, and 
possibly also electromagnetic forces 
associated with high current density. 
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Left: A component milled under computer control. Its surface has been left with cusp-like irregularities, common in the manufacture 
of dies and moulds; the traditional way of producing a smooth surface is to finish it by hand, Right: Components similar to that on 
the left, after various stages of ECAM and ECM. ECAM rapidly removes the cusps and about half a minute of ECM leaves the surface 


Power density 


Current densities of the order of 10° 
to 10!° A mm~? may occur in the 
discharge channel, giving power 
densities that cause the electrode 
temperature to rise at a rate of 10° 
to 10!° °C 5 ~!, and even sparks of 

a few microseconds duration lead to 
melting of the electrodes. 

It is only when the voltage drops and 
the spark declines that the sudden 
removal of pressure allows an explos- 
ive removal of evaporated metal, and 
some in a molten condition, from the 
superheated electrodes. Though other 
complex mechanisms are at work, 
this is how most of the thermal re- 
moval of metal takes place. 

Once conclusion is that for the best 
results the spark should be stopped 
before expansion of the discharge 
channel causes loss of power density, 
cooling, and a slower rate of metal 
removal, The electron avalanche 
strikes the anode before the positive- 
ion avalanche, with its much higher 
energies, reaches the cathode, so 
early ending of the spark is import- 
ant, too, in keeping tool wear to an 
minimum. 


ECAM sparking in the electrolyte. 
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this year — 
next year — 
sometime — 
never? 


There is something fascinating about predictions. Soothsayers, tea-leaves and 
crystal balls have gone out of fashion: they don’t seem to have a sufficiently 
solid scientific basis. In their stead, we now have the long-range weather 
forecast. That has facts, equipment and scientific study to back it up — and 
‘statistics’ to blame its errors on. An unbeatable combination! 

Something else is required to satisfy the craving for really long-term prophesy. 
The best solution so far seems to be science fiction. Best-selling authors often 
have a scientific background, and they do their utmost to get their facts right 
— or at least ensure that the ‘facts’ in the story are not at odds with current 
scientific certainty. Furthermore, they have two good escape routes from the 
danger of making incorrect predictions: they can situate the story so far in the 
future that they won't be around when the complaints arise, and they can 
claim that it was all just done ‘in the interest of making a good story’. 

Then there is a third category: journalism in general, and magazine editors in 
particular. Come January — certainly at the beginning of a decade — and the 
floodgates are opened. This article is one of those... 


In this third category, the ‘solid scientific 
foundation’ is more tenuous than that of the 
weather forecast, but more solid than that of 
science fiction — at least, it ought to be. As 
in all three types of prediction, errors are 
possible — likely, even. Fortunately, there is 
an almost perfect escape: selective memory. 
Ten years from now, we may remind you of 
our correct predictions; but we will all have 
forgotten how wildly wrong we were on 
other points, Meanwhile, we can enjoy our 
phantasy game! 

Actually, it is sheer coincidence that this 
article is in a January issue. It all started 
with a difference of opinion between two 
members of our editorial staff, in connection 
with the Digital Audio article elsewhere in 
this issue. When can we expect solid-state 
memories to replace records and tapes? 1990 
or 2000? How fast are memories growing? 
The only way to find out is to check through 
our historical records, and attempt to 
evaluate the general trend. Along the way, 
we turned up quite a lot of dates that fasci- 
nated us. From that point, it was one small 
step: if we're intrigued, it’s quite likely that 
our readers will be! Hence this survey: 
developments in electronics from 1870 to 
2000. 


Past history 

Who made the first semiconductor diode? 
Mr, Braun, in 1874! It was known as the 
‘cat's whisker’. Who invented the tetrode? 
You'll never guess: Mr. Schottky! What 
were the first electronic computers like? 
Take ENIAC, in 1946: 18,000 valves, 
weighing 30 tons, power consumption 
150 kW, clock frequency 100 kHz, filling 
a 30’ x 50’ room. It took nearly three 
seconds to multiply two ten-digit numbers. 
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Compare that with today’s pocket 
calculators! 

A few highlights over the past century-and- 
a-bit are given in table 1, It is by no means 
complete: it merely reflects a few dates that 
struck us in the course of our browsing. One 
striking fact is that some ideas are much 
older than we thought (for instance, Baird 
demonstrated colour TV in 1928). Further- 
more, the technological revolution is 
remarkably rapid, and it is speeding up! 
This may not be immediately apparent — 
we have become used to rapid development 
— but just think how long it took to progress 
from the wheel to the steam engine! Then 
compare that with the progress from 
Edison's tin-foil-cylinder phonograph (1877) 
to Sony’s flat-screen pocket TV in 1982... 
Even within the last century, accelerated 
development is apparent. It took about a 
decade from the triode (Lee de Forest, 
1906) to the tetrode (Schottky, 1919), 

the pentode (1929, Holst and Tellegen), 
and the beam tetrode (1936). It took less 
than five years from the germanium diode 
(mid '40s) to the transistor (1948, Bardeen, 
Brittain and Schockley), the IC opamp 
(early '50s), and the thyristor, FET, tunnel 
diode and mesa transistor (1957/1958). 
Initially, it took one year to halve the price 
of basic four-function pocket calculators: 

$ 395 in 1970, $ 199 in 1971, $ 99 in 1972, 
through to $ 5.99 in 1976. To put it 
another way: it took about thirty years to 
shrink a 30 ton monster (ENIAC) into a far 
superior pocket-sized machine (Hewlett- 
Packard’s HP-65: the first programmable 
pocket calculator, introduced in 1974, for 
$795). And it took less than twenty years 
to progress from the first mass-produced 
mini-computer costing less than $ 20,000 
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year 


Table 1. A few highlights over the last century-and-a-bit. 


components 


audio 


radio/TV computers 


1870-1880 


1880-1890 
1890-1900 
1900-1910 
1910-1915 
1915-1920 
1920-1925 
1925-1930 


1930-1935 


1935-1940 


1940-1945 
1945-1950 


1950-1955 
1955-1960 


1960-1963 


1963-1966 
1966-1970 


1970-1973 
1974 


1975 
1976 
1977 
1978 
1979 


1980 
1981 
1982 


Figure 1. The number of 
active elements on a chip is 
increasing by an order of 
magnitude every five years, 
and there is no sign that 
this is slowing down. 
Within a year or two, that 
should lead to the 1 Mbit 
dynamic RAM — ora 
16-bit processor with 

16 Kword on-chip RAM! 
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cat's whisker diode 


triode 
tetrode 


pentode 


beam tetrode 
J-FET theory 


Germanium diode, 
transistor, p.c.b. 
IC opamp 
thyristor, FET, 
tunnel diode, mesa 


planar, epitaxial, 
RTL, TTL, MOSFET, 
LED, MOS IC, 

Gunn diode 

DIP package, uA 709 
1K ROM 


2K EPROM 
4K dyn, RAM 


16 K dyn, RAM 


64K dyn. RAM 
64K EPROM 

64 K stat. RAM 
256 K dyn. RAM 


telephone (Bell), 
phonograph (Edison) 
stereo PA 

disk record 


capacitor mike 

tone control 

negative feedback, 
crystal pickup 

hi-fi, vinyl disc, 

3343 RPM, juke box, 
moving coil mike 


tape recorder 
331% and 45 RPM 
commercial discs 


stereo disc, 
4-track tape 


cassette-recorder 


Nipkow ‘Telescope’ 
transmission (Marconi) 
crystal receiver 
superhet, SSB flip-flop circuit 
TV broadcast, colour, 


stereo TV, large screen 
FM, UHF, PLL circuit 


Boolean logic applied, 
Bell Model | relay comp. 
Model III relay comp. 


ENIAC 
IBM 701, magnetic core 
colour video FORTRAN 
tape deck 
PDP-8 
PDP-11, 
hand-held calculator 
8-bit CPU 
Josephson switch, 
programmable calculator 
video disc 16-bit CPU 
TRS-80 
flat screen 
pocket TV 
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1990 


(the PDP-8, introduced by Digital Equip- 
ment Corp. in 1965) to today’s TV games 
computers, hand-held chess sets and low-cost 
personal computers (like the ZX 81). 

Let’s plot a few trends. Figure 1 shows the 
increase in the number of active elements 
per chip, from Fairchild’s RTL flip-flop in 


1961 to Hewlett-Packard’s recent 750,000 
transistor monstrosity. If this trend con- 
tinues for a few years, we should hit 10” 
active devices by 1990. Given one device 

per memory cell, with a few spare for testing 
and internal organisation, this would mean 

9 or 10 Mbit RAMs. WOW! In the year 
2000, assuming the same trend, we'd be 
hitting 3 Gbit or so, Enough for 30 minutes 
of digital audio recording on one single chip! 
And that’s not allowing for increasingly fast 
progress in technological development; a 

fair assumption on the short term, it would 
seem, 

Talking about digital audio: what about 
playback-only? In current technical terms: 
what about ROMs? In some ways, ROM 
technology seems to be lagging. Given the 
same rate of progress as RAMs, EPROMs 
and such, we should have 1 Mbit ROMs by 
now (the 1 K ROM was introduced in 1968). 
In essence, a ROM cell needn’t be larger than 
the area of two crossing minimum-width 
conductors on the chip; currently, that 
means approximately 1 um. Even allowing 
for insulation and sophistication, 1 Mbit 
shouldn't be a problem. And the ‘big shrink’ 
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Figure 2. The big shrink. 
Despite the challenges 
associated with reducing 
the feature sizes in an 
integrated circuit, 
dimensions will continue 
to shrink. If minimum 
features follow the curve 
above, the 1 um barrier for 
commercial devices will be 
broken within a decade, 


An experimental 
Josephson device. 
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is continuing: the prognosis given in figure 2 
was released by IBM in 1980. This trend 
could mean that playback-only digital audio 
would be commercially viable in the 

1990s. 

Not to mention bubble memories. 
Admittedly, Intel seem to be the only 
people who are still active in this field. But 
they have already got a 4 Mbit bubble 
device! Promising... 


Another point of interest is the development 
time from first prototype to commercially 
viable product, Colour TV was proposed in 
1928; NTSC dates from the late 40s, 33/3 
RPM records were tried in 1931; the real 
start was in 1948. There is a distinct 
lag... The first Josephson switch was 
demonstrated in 1974; the switching time 
(80 picoseconds) was too fast to measure 
at the time. Add 10 or 15 years: an 
operational Josephson computer should be 
demonstrated sometime between 1984 and 
1989... Coming soon! 


Computer chronology 


The rapid development of computers seems 
to have taken everyone by surprise — from 
scientists to science-fiction authors. This can 
be illustrated by means of a brief historical 
survey: 


pre-1940: Mechanical computing machines 
existed; science fiction was more interested 
in robots, blandly assuming that they would 
be intelligent enough. In 1937, Shannon 
explained how Boolean logic could be 
applied to complex switching circuits, and 
in 1939 Bell labs built their Model I relay 
computer. 

1944: The Bell labs Model III relay com- 
puter; it used 9000 relays, occupied 1000 
squ.ft. and weighed approximately 10 tons, 
A 7-digit addition took 0.3 s. 

1946: ENIAC, the Electronic Numerical 
Integrator And Computer, used 18,000 
valves, It was a size bigger, filling a 

30’ x 50’ room and weighing in at 30 tons, 
The power consumption was some 150 kW! 
It worked in decimal, adding 10-digit num- 
bers in 0.2 ms (the clock frequency was 
100 kHz), Multiplication took longer: 
2.858. 

Around this time, an extremely daring 
prophesy was made: it seemed conceivable 
that there might come a time when two 
computers would be needed in the United 
States for non-military use: one on the West 
coast and one on the East coast... 

1952: The IBM 701 incorporated a few 
semiconductors: 12,000 Germanium diodes, 
to be precise, With its 3000 valves, 1 MHz 
clock, 36-bit words and 2 K word memory, 
it could add in 62.5 ys and multiply in 

50 ms. 

A few visionary SF authors were beginning 
to think in terms of Multivacs and Univacs, 
1956: IBM discovered that some users were 
having difficulty with programming. They 
invented FORTRAN. 

1961: By now there are some 5000 com- 
puters in use in the USA. Reseachers 
postulate ‘a possible future in which com- 
putational power will be available in a wall 
socket, like electrical power, or where every 
man who wants one can buy a small com- 
puter’, 

Fairchild introduces the RTL flip-flop; TTL 
follows within the year, 

1965: Digital Equipment Corporation 
launches the PDP-8: the first mass-produced 
mini-computer to sell for less than $ 20,000. 
In the same year, Gordon R. Dickson put 
his finger on one of the distinctive features 
of artificial intelligence: ‘Computers don’t 
argue’. 

1967: The 64-bit ROM. 

1968: The 1 K-bit ROM. 

1970: The PDP-11, the first CPU (Intel’s 
4-bit 4004) and hand-held pocket calcu- 
lators. 

1971: The first 8-bit CPU, Intel’s 8008, 
costs $ 200. The average instruction time 

is 30 us. 

1974: The Josephson switch operates with 
a switching time of 80 picoseconds, and 4 K 
dynamic RAMs are available. The simplest 
pocket calculators are going for about $ 20, 
and Hewlett-Packard introduces the first 


1-21 


eae calculator (the HP-65) for 
795, 

1977: The TRS-80 is going for $ 600. For 
that, you get a Z-80 based machine with 4 K 
RAM, 4 K ROM, keyboard, 12” screen, 
and cassette recorder. 

now: We have 256 K RAMs and ROMs, 
powerful CPUs with up to 750,000 active 
devices on a single chip — and a flat-screen 
pocket TV. We have talking chips and the 
first steps towards speech recognition and 
artificial ‘sight’. And we are still plagued 
with ‘SF’ films showing computers as 
massive cabinets and consoles, with a 
multitude of flashing lights and Lissajous 
patterns, 


Coming .. . soon? 
What can we expect in the next ten or 
twenty years? Based on past experience, it 
seems a fairly safe bet to start with a list of 
things that meet two requirements: 
= available, or at least technically possible, 
now — even if the price is still astro- 
nomical; 
= of great interest to a mass market, once 
the price drops far enough. 
First, let’s try to settle this digital audio 
question. Under the heading ‘available now’ 
we have % Mbit RAMs and ROMs; for 
audio recording and reproduction we would 
need to use some 20,000 of these ICs 
(assuming that we need a playing time of 
one hour, in stereo). This would mean about 
four cubic feet and a price tag that puts the 
whole thing out of court. Good! That 
satisfies our first requirement. 
The second point is even more obvious: 
there is a huge market for this type of thing. 
Any mechanical system is bound to be 
fairly clumsy and prone to wear. Wax 
cylinder, vinyl LP or Compact Disc: they 
will all attract an equal measure of nostalgic 
amusement in the museums of the future. 
The remaining question is: when can we 
expect plug-in audio cartridges? Given the 
trend shown in figure 1, it should take 
another 15 or 20 years to develop mullti- 
gigabit ROMs and RAMs. Add another five 
years or so for the price to drop to a com- 
petitive level, and we've reached the year 
2005, However, there are a few factors that 
may help to speed things up. In the first 
place, we can use a different type of 
memory architecture (since we don’t need 
full random access) and this may well 
simplify matters for the chip designers. 
Furthermore, we can get things rolling with 
smaller ICs: we can use several in one 
cartridge and we can start by replacing 
the 45 RPM disc — with its shorter playing 
time, Even a 10 Mbit ROM would do, and 
that may well be available by 1990! Again, 
add at least five years for the necessary price 
drop. 
All in all, the sequence of events could be 
like this: 
1990: RCA creates a world-wide sensation 
with its solid-state juke-box, the ‘Byte- 
ryder’, Within a month, one of Hitachi's 
audio-minded daughters counters with a 
prototype ‘Rombus’ player. 
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1995: The first dust has settled. The leading 
manufacturers have reached agreement on 
the Compact Cartridge (although a few are 
still trying to perfect the Big Bubble). 
Pocket players are under development. 
2000: With the price now at an all-time low, 
Compact Cartridge players are commonplace 
and recorders are available. The playing-time 
is still on the increase. 

2005: Just as everything is settling down 
nicely, someone comes up with a new 
idea... 


Computers 

Again, it is wise to start with a brief review 
of our current assets, Powerful CPUs are 
available, large memories and all kinds of 
interfacing devices to the human operator. 
For displaying data: high-resolution TV 
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A decade of growth. 
Bipolar memories, like 
MOS ones, are on a track 
to higher density. One cell 
of Fairchild’s 256-bit RAM 
(above), developed in 
1970, occupies the same 
area as 16 cells of its 
93470 4-K RAM (below). 
Scaled Isoplaner S will 
boost density another 
third. 


Gallium-Arsenide combines 
low power dissipation with 
a propagation delay that is 
an order of magnitude 
smaller than CMOS. The 
Josephson devices are that 
much faster again, and use 
only one-tenth of the 
power per gate! 


screens on the one hand, and the pocket- 
sized type at the other end of the scale; 
printers in all shapes and sizes; and the first 
hesitant steps on the road to talking com- 
puters. Data entry by keyboard (mechanical 
or touch-pad); again, the first hesitant steps 
have been taken towards speech recognition 
and real-time entry by means of hand- 
written text. Communication with remote 
computers by telephone line — or by radio? 
Ultra-high-speed computers (using GaAs or 
Josephson devices), for applications that 
need them, are just over the horizon. 

Let us assume that all these facilities are in 
full use within the next decade or so, What 
would that imply? Bearing in mind that 
human fingers are not likely to miniaturise 
in that period, things like a wrist-watch 
pocket calculator seem rather pointless, 

A more sensible approach would be to 
develop ‘handy’ machines that are easy to 
use — even without having to study a 
2.00-page manual, 

For undemanding general-purpose use: the 
pocket computer. Data entry by means of a 
simple keyboard (numerical plus a few func- 
tions); data display via a miniature TV 
screen, Keying and programming errors 

are indicated in plain language on the 
display. The cheap plastic case is misleading: 
the computing power is superior to that of a 
1975 minicomputer, 

Home computers, The simpler types all tend 
to look similar, since their shape is deter- 
mined by the keyboard and display screen. 
‘Under the bonnet’, so to speak, they differ; 
however, they all include outputs for tele- 
phone line and large-screen TV sets, Also, 
for gimmick value more than anything else, 
they all include a ‘speech’ output that can 
ream off several dozen standard phrases. 
The de-luxe home computer is a different 
thing all together. It includes user-oriented 
features like speech input and output (in 
fact, the user will rarely feel the need to 
slide out the keyboard). The display screen 
has full-colour capability, and the speech 
output is extremely versatile. Furthermore, 
it is designed to deal with a host of 
‘domestic’ matters on a continuing basis: 
light and heating control, routine cooking 
(and advice when you want to try some- 
thing different), telephone answering and so 
on, 

Computers for industrial and commercial 
use cover a wide range, Easy-to-use machines 
are available for routine work (speak-in 
typewriters, process controllers and indus- 
trial robots for mass production, answering 
machines for information services, etc.) 

At the other end of the scale, high-speed 
computers with dual memories (mass data 
store and associative) are becoming the 
back-bone of scientific research and develop- 
ment. In fact, they are being used quite 
extensively .. . to develop even more 
futuristic computers! 


Microprocessors? What an out-dated phrase! 
Those devices are everywhere, controlling 
everything from ovens to sewing machines 
_to UHF tuners, mowing machines, electric 
drills and children’s toys, They are nothing 
more nor less than common-or-garden elec- 
tronic devices, 


coming soon? 
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In the fifties, computers 
progressed from valves to 
transistors .... 


is +-~—7/16 in---- > 


What else? 


All kinds of things, Put it this way: fifteen 
years ago, the pocket calculator was un- 
dreamed.-of, Fifteen years from now, the 
undreamed-of may well be commonplace. 
Take it from there... 

Electronic diaries with a perpetual calendar 
function. 

Talking encyclopedias, with an optional 
print-out. 

One-year-ahead weather forecasts. 
Wrist-watch remote control units that 
double as car and front-door keys, 

Elektor by telephone line. 


+ «+. then came the first 
integrated circuit. This has 
been shrinking, and the 
number of devices per chip 
has been increasing... . 


+... until we get fairly 
modern memory chips like 
this one. Note that even 
this is no longer ‘state of 
the art’! 
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milliohmmete 


With many of the digital multimeters used nowadays, the measuring of very 


a ‘magnifier’ 


small resistances in the milliohm range presents certain problems. With a ‘full fo rsma | | 
scale deflection’ of 199.9 ©, the display error after the decimal point can be F 
100%! This certainly leaves a lot to be desired. resistances 


For this reason, a more precise method must be applied when measuring the 
resistances of loudspeakers, coils, conductors (printed circuit board copper 
tracks) and the like. The lowest measuring range of the milliohmmeter is 
0.5 2 +1% (full scale deflection), which gives us something to work with. 


Let us assume that our digital multimeter Figure 1, Using conven- 
has a lowest measuring range of 199.92+1% 1 tional resistance measure- 
deviation from the displayed value; the rasht sehete ate noe 
percentage with a displayed value of 0.1 2 four Se RGhat eG 2 
can be discounted, but the specified precis- ee ass err 
ion of +1 digit means that the value read : 

off can be 0.0 or 0.3 22. This corresponds 
to an inaccuracy of 100% and becomes 
unacceptable. Moreover, if one takes into 
account the contact resistance of the plug- 
in connectors, the measured value becomes 
totally unrealistic. 

Figure 1 shows how these contact resist- es006 4 
ances become part of the measurement. 

The sketch also indicates the manner in 

which a resistance measurement is nor- 


iene a, 
1 


r 
| 
| 
| 
e 


1-24 


mally performed. Resistance Rx to be 
measured is connected to the multimeter 

by means of two test leads. In series with 
Rx one therefore obtains four contact 
resistances: the plug-in connections to 

the instrument (RO1 and RO2) and the 

two clip-on connections between the test 
leads and the resistance (RO3 and R04). 
Thus the value displayed by the instrument 
will be the sum of all contact resistances and 
Rx. No matter how precise the multimeter, 
if the value of Rx is very low than the 
displayed value bars no relation to the real 
value of Rx. 

So what is the solution for obtaining reliable 
measurements? There is a well known 
measuring technique that can also be applied 
to measure very low resistances. The tech- 
nique requires the use of a current source 
which provides a constant current that can 
flow through the resistance. The voltage 
over the resistance is measured with a volt- 
meter. Figure 2 shows a sketch of the 
principle. The voltmeter is connected 
directly across the resistance to be 
measured, The contact resistances RO] and 
RO2, the ‘previous’ plug-in connections 
between the resistance and the multimeter, 
no longer contribute to the measurement. 
Neither do these resistances affect the 
‘measuring current’ because the latter is kept 
constant by the current source. All that 
remains are the contact resistances RO3 and 
R04, In relation to the internal resistance of 
the voltmeter, their values are so low that 
they can be ignored, We can therefore be 
satisfied that the contact resistances make 
practically no contribution to the resistance 
value measured using this technique. 


Milliohmmeter adapter 


Figure 3 shows a simple adapter based on 
the principle of the constant current source, 
which can be used to extend a standard 
multimeter into a milliohmmeter. One could 
call it a kind of ‘magnifier’. From left to 
right, the circuit diagram contains a simple 
power supply, a voltage regulator IC 78L05 
(IC1) which provides a stable supply voltage, 
and a current source which is based on IC2 
and T1. The resistance to be measured Rx 
is connected in the collector line of Tl. The 
multimeter (set to a d.c, voltage range) is 
connected in parallel with Ry (between the 
clips of the current source; see also figure 2). 
S1 is used to select one of two sensitivity 
ranges. When S1 is set to position C, the 
current source supplies a current of 100 mA. 
If.a voltage of 10 mV can be read on the 
multimeter with sufficient accuracy, 
resistances down to 0.1 (2. can be measured. 
When S1 is set to position B the current 
through R is 10 mA. In this case, a reading 
of 10 mV on the multimeter corresponds to 
a resistance of 1 2. 

This circuit can be assembled quite quickly 
on a piece of vero board. Precision resistors 
(1% tolerance) must be used for R3 and R4. 
T1 should be cooled on account of the high 
dissipation when 100 mA is drawn. Align- 
ment is simple: set S1 to position B; substi- 
tute an ammeter for Rx and adjust P1 to 
obtain a current of exactly 10 mA. 
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De Luxe version 


The only disadvantage with this method 
when measuring low resistances is that the 
set-up draws too much current. With a 
voltmeter sensitivity of 10 mV — or even 
better, 1 mV — resistances as low as 0.1 and 
0.01 (2 respectively can be measured. The 
current required, however, is 100 mA which 
means that the circuit diagram of figure 3 is 
unsuitable for battery operation. 

An efficient way of saving energy is to 
reduce the measuring time. Instead of 
passing a constant current through the 
resistance to be measured, short current 
pulses are applied. The disadvantage of this 
method is that inductive resistances, such as 
wire resistances, coils and transformer wind- 
ings can no longer be measured accurately. 
Apart from this aspect, however, the pulse 
method offers considerable advantages when 
compared to the circuit of figure 3. 

Figure 4 shows the block diagram for this 
method, 

The current source is driven by an oscillator. 
Current flows through the resistance for 
250 ys, followed by an interval of 25 ms, 
Although the measuring current during the 
pulse is 100 mA, this duty cycle results in an 
average current of only 1 mA, 

The voltage peaks developed over the resist- 
ance are subsequently amplified by a factor 
of 100, so that their amplitude directly 
represents a measure of the value of the 


milliohmmeter 


elektor january 1983 


Figure 2. If a constant 
current flows through the 
resistance and the voltage 
across it is measured, the 
contact resistances have 
Practically no effect. 


Figure 3. Complete circuit 
diagram of the milliohm- 
meter using the constant 
current source method, 


78L05 8D139 
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resistance. All that is now required is that 
the pulses be processed into a measurable 
d.c. voltage. A simple sample-and-hold 
circuit was chosen and is represented by a 
switch and a capacitor in the block diagram. 
The switch is driven by the same oscillator 
which switches the current source on and 
off. With each pulse the switch closes imme- 
diately, feeding a voltage sample to the 
capacitor. The capacitor CHOLD is there- 
fore charged to the same amplitude as that 
of the corresponding pulse. The voltage 
value (stored) in the capacitor is then 
applied to the voltmeter via a buffer stage. 
The observant reader will have noticed that 
the negative terminal of the voltmeter is 

not connected to ground, but to the output 
of the amplifier. The reason for this is that 
temperature deviations can cause variations 
in the offset voltage of the amplifier, with 
the result that the zero level at point A is 
shifted. If the voltmeter is connected 
between the output buffer and ground, such 
a shift would immediately cause a measure- 
ment error. In our case, however, any such 
change in the offset voltage is harmless 
because the level at point B is shifted to the 
same extent as that at point A. Strictly 
speaking, point A should not be taken as the 
reference because the pulses delivered by the 
current source are applied to that point for 
2.5 us. However, the resultant measurement 
error is only 1% and is considerably smaller 
than that caused by component tolerances 


4 


oscillator 


830068 4 


and lack of precision of the voltmeter. The 
measuring current can be increased by 1% 
in order to eliminate this error completely. 


The circuit 


Figure 5 shows the circuit diagram of the 
De Luxe milliohmmeter. The block diagram 
in figure 4 can easily be recognized here. 

A 7555 timer IC (IC3) with associated 
components serves as oscillator. The oper- 
ating voltage for IC3 is stabilized by a 
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Figure 4, If the current 
source is switched by an 
oscillator, the current 
drawn by the circuit is 
restricted during the high 
measuring-current flow. 


Figure 5. Complete 
circuit diagram of a milli- 
ohmmeter according to 
the principle sketched in 
figure 4. 


voltage regulator (IC2) to provide the 
necessary stability for the current source. 
The current supplied is proportional to the 
output voltage and is therefore also pro- 
portional to the operating voltage of IC3. 
The current source is composed of Al and 
T1. Three different measuring currents can 
be selected with S2: 100 mA (position B), 
10 mA (C) and 1 mA (D). 


The voltage over the resistance to be 
measured Rx is picked off with two clips 
and applied to the amplifier A2 via R8 and 
R9. A BF 256A FET (T2) is the switch for 
the sampling circuit. This switch is driven 
by oscillator IC3 via A4. Capacitor C6 pro- 
vides storage for the sample-and-hold circuit. 
The voltage at C6 is applied to the voltmeter 
via buffer A3. 


Zener diode D1 ensures that the operating 
voltage of the operational amplifiers is 
somewhat higher than that of the rest of 
the circuit. In this way the outputs of the 
operational amplifiers can be fully driven to 
Up, thus ensuring that the current source is 
switched off completely. The circuit is 
powered by two 9 V batteries, each supply- 
ing 10... 15 mA, Variations in operating 
voltages have practically no effect on circuit 
operation, Even if the operating voltages 
drop to 6 V, the additional measurement 
error is only 0.3%. We are referring to 
‘operating voltages’ here, because two fresh 
batteries must be used from the start. 
Incidentally , as the batteries become 
discharged the drop in voltages has a negative 
effect. The drive range becomes smaller. At 
an operating voltage of + 6 V the value of 
the maximum resistance to be measured in 


the 1 mA range is only 40 Q instead of 
502. 


Construction and alignment 


Construction of the circuit should present 
no problems using the printed circuit board 
of figure 6, Terminal points are marked, thus 
facilitating the connections between the 
board and the batteries, multimeter and so 
on, 
Two points require particular attention. 
Switch S2 should be a type exhibiting the 
lowest possible contact resistances. A poor 
switch contact will cause an incorrect 
measuring current, particularly in the 
100 mA range. 
The second point concerns the test leads. To 
avoid confusion the four different leads 
should have different colours: for instance, 
red for I+, orange for Ug+, black for I— and 
brown for Ug_. The I-clips are connected to 
the resistance and the Us-clips are also con- 
nected directly to the resistance, thus 
keeping contact resistances as low as possible. 
Calibration is relatively simple: 
= Remove the wire link marked *; connect 
pin 4 of IC3 to pin 1 of IC3 and set S2 to 
position C (10 mA). 
= Connect an ammeter between I+ and 
I— and adjust P1 for exactly 10 mA. 
@ Reconnect the wire link. 
= Short-circuit Ug+ and Ug_ and connect 
to Up/2 (= Us_). 
= Connect a voltmeter (multimeter) and 
adjust P2 for exactly 0 (mV). i 
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Figure 6, Track pattern 
and component layout for 
the circuit of figure 5. 
Terminal points I+, |—, 
Ug+ and Ug_ are connec- 
ted by means of test leads 
to the resistance to be 
measured. 


Parts list 


Resistors: 
R1=1M 
R2=10k 

R3 = 3k9 
R4=18k 
R5=1k/1% 
R6 = 100 2/1% 
R7 = 10 2/1% 
R8,R9 = 10 k/1% 
R10,R11 = 1M/1% 
R12,R15=1k 
R13= 100k 
R14 = 560k 

P1 = 2k5 preset 
P2 = 100 k preset 


Capacitors: 

C1 = 100 u/16V 
C2,C6 = 100n 
C3 = 22u/10V 
C4=39n 
C5=47u/16V 


Semiconductors: 
D1 = zener diode 
2V7/0.4 W 
D2 = DUS 
T1 = BC557B 
T2 = BF 256A 
IC1 = TL084 
1C2 = 79L05 
IC3 = 7555 


Miscellaneous: 

$1 = double-pole 
on/off switch 

S2 = rotary switch, 
3 positions, 1 contact 
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Elektor readers who are hi-fi enthusiasts will 
no doubt have read the Crescendo article in 
the December 1982 edition. Some will 
already have started building the power 
amplifier. Once constructed, tested and 
installed in an attractive cabinet, the ampli- 
fier should operate reliably and with consist- 
ent quality for years. However, there is 
always a chance that a component will fail 
in the course of time or that some other 
malfunction will occur. In such cases, for 
example, it is possible for a d.c. voltage to 
reach the amplifier outputs and destroy the 
expensive loudspeakers. 

The latter are simply not designed to cope 


the amplifier outputs by means of a relay, 
exactly five seconds after switch-on. Sec- 
ondly, it continuously monitors for an 
excessive d.c. voltage at the outputs. If this 
voltage exceeds a particular value, the links 
between the amplifier and the loudspeakers 
are disconnected. The operating voltage for 
the protective circuit was chosen so that the 
relay is immediately de-energized after the 
mains supply has been switched off, Although 
the Crescendo is still subjected to decaying 
voltages as a result of the large smoothing 
capacitors, the loudspeakers are safely dis- 
connected, 

The delay circuit also contains a special 


accessories for 
the Crescendo. 
power amplifier 


The second part of the Elektor audio XL system contains the protection circuits for the Crescendo 
power amplifier. A good power amplifier must be capable of operating under all circumstances, and 
the Crescendo is no exception. There are some signals, however, which can damage the loudspeakers: 
these are mainly activation peaks (inrush surges) and d.c. voltages. To protect the loudspeakers from 
these hazards, every power amplifier should be equipped with d.c. protection with built-in power-up 
delay. These are the functions of the accessories for the Crescendo, which are also suitable for other 


amplifiers. 


countdown 
and d.c. 
protection 
circuit 
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with this eventuality. Moreover, problems 
can occur when the amplifier is switched on 
and off, It is quite normal for a complicated 
circuit, such as that of a power amplifier, to 
require a certain time to settle down after 
the operating voltage has been switched on. 
Once all components have reached their 
operating temperatures, it can be assumed 
that the d.c. levels in the circuit are stable. 
When the operating voltage is switched off, 
there is no way of being certain how the 
circuit will respond. Finally, irritating sounds 
such as pops can be heard from the loud- 
speakers when the amplifier is switched on 
and off, These sounds are not necessarily 
hazardous to the loudspeakers but are 
usually unwanted! For this reason, high- 
quality commercial amplifiers almost 
always contain protection circuits to protect 
the expensive loudspeakers from power-up 
and turn-off peaks and unusually high d.c. 
voltages at the output. Obviously the 
Crescendo power amplifier also contains 
fuses, because an excess of a.c. can result in 
an excess of d.c.! 

It is clear, therefore, that the Crescendo (and 
any other home-constructed amplifier with- 
out an output capacitor) should be equipped 
with such protective circuits, The circuit 
presented in this article performs two func- 
tions: firstly, it connects the loudspeakers to 


feature: during the warm-up time of the 
amplifier the five-second countdown can be 
observed on an LED 7-segment display. One 
can therefore see when the loudspeakers are 
connected. 


The circuits 


Shown in figures 1 and 2 are the power-up 
delay and the protection circuits, In prin- 
ciple, both circuits can be incorporated 
separately. The only section which is common 
to both is the relay stage with Rel, D13, TS, 
T6 and R23. 

The delay with its down-counter chiefly con- 
sists of ICs 1... 4. 1C2 is a programmable 
up/down counter with presettable par- 
ameters. The parameter is set to 5 by means 


of the J-inputs in this case. The device is also 


configured as a down-counter (pin 10 to 
ground). The clock input of this counter is 
driven by a square-wave generator consisting 
of N1, Cl and R1. When the operating volt- 
age is switched on, IC2 is first provided with 
a preset pulse via network R2/C2. The value 
5 isthen ‘present’ in the counter. The square- 
wave generator then starts operating so that 
a clock pulse is applied to IC2 every second. 
When the counter contents become zero 

(5 seconds after activation), the carry-out 
output of the counter emits a logic 0, with 
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Figure 1, This part of the 
circuit provides the 
power-up delay. The time 
remaining until switch-on 
is displayed as a count- 
down, 


Figure 2. The d.c. 
protection circuit, protects 
the loudspeakers from 
hazardous d.c, voltages. 
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Figure 3. This figure shows 
the signal paths for positive 
d.c. voltages (figure 3a) 
and negative d.c. voltages 
(figure 3b) at the inputs 

of the circuit. Only the 
right-hand channel is 
shown here, 


Figure 4. The printed 
circuit board consists of 
two parts: a display part 
and a protection part. The 
two can be separated if 
desired. 
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the result that the square-wave generator is 
inhibited and the counter stops at zero, The 
carry-Out output therefore activates the 
relay via N2 and transistors T5 and T6 (in 
figure 2). The loudspeaker outputs are thus 
connected to the amplifier outputs. 

The down-counting from 5 to 0 is visible on 
the LED display LD1, IC3 is a BCD-to-7- 
segment decoder/driver which can directly 
drive an LED display. Thus, only resistors 
R3...R9 are required for connection of 
the display. In this way, the contents of 
counter IC2 are displayed by IC3 and DP1. 
The d.c. protection circuit is shown in 
figure 2. As already mentioned, the task of 
this circuit is to disconnect the loudspeakers 
if a d.c. voltage appears at one of the ampli- 
fier outputs, The detection part of this circuit 
is configured separately for each channel. 
This prevents a positive error voltage at one 
output from compensating for a negative one 
at the other output, which would be the case 
if both outputs were connected to only one 
detection circuit by means of two resistors. 
Each detection circuit consists of a lowpass 
filter, a bridge rectifier and a transistor con- 


figured as an electronic switch. The lowpass 
filter prevents the circuit from reacting to 
frequencies which are normally processed 

by the amplifier. For this reason, each ampli- 
fier output is first followed by a 12 dB/octave 
filter with a cutoff frequency of approxi- 
mately 0.5 Hz. For the left channel the filter 
consists of R10, C3/C4, R13 and C5, and for 
the right channel R15, C6/C7, R18 and C8. 
Resistors R11, R12, R16 and R17 also have 
a negligible effect on the filter. R10 and R11 
form a potential divider to keep the maximum 
voltage across capacitors C3 and C4 below 
the 63 V working voltage. This is because in 
the event of a fault, the power amplifier can 
present a maximum d.c. voltage of 75 V at 
its output. R15 and R16 perform the same 
function in the other channel. Resistors R12 
and R17 serve to discharge C5 and C8. Other- 
wise the capacitors would remain charged, 
on account of the diodes. 


D.c. voltages are detected as follows. The 
sketch in figure 3 shows which components 
conduct in the event of an excessive positive 
d.c. voltage (3a) and an excessive negative 
d.c. voltage (3b). For the sake of clarity, 
only the right-hand channel is shown here 
and components not required for this 
explanation have been ommited. In figure 3a 
it can be seen that diodes D7 and D10 and 
the base-emitter junction of T2 are in series 
with resistors R15 and R18. This means that 
the transistor is driven if the voltage at the 
input is more than three diode voltages, In 
practice, the input voltage must be some- 
what higher to turn T2 on fully, The voltage 
drop over R15 and R18 must also be taken 
into account, when a base current for T2 is 
flowing. Thus, T2 switches when subjected 
to a positive input voltage of slightly more 
than 3-times 0.7 V = 2.1 V. 

With a negative voltage at the input, we have 
the situation in figure 3b. Here too, three 
diode junctions must be overcome for T2 


to conduct. One could assume that the 

same (negative) voltage must be overcome 
here as in figure 3a. However, this is not 
quite right. The input voltage must be 
somewhat higher because the collector 
current is flowing through R15 in addition 
to the base current. Thus the voltage drop 
over this resistor is somewhat higher than 
that with a positive input voltage. In practice, 
the circuit responds to negative voltages of 
approximately 2.6 V and higher. 

The parallel circuit of D11/D12 and R17 is 
connected between D7/R18 and the emitter 
of T2. The two diodes ensure that the base 
current of T2 is limited to a safe level, when 
high d.c. voltages are applied to the input of 
the circuit. As already mentioned, R17 serves 
to discharge electrolytic capacitor C8, The 
circuit for the left-hand channel functions 
in the same way. 

The collectors of the switching transistors 
are connected to the base of T3 via R14 and 
R19. R20 ensures that T3 does not fail to 
turn off, even if Tl and/or T2 should exhibit 
slight leakage current in the off-state, Tran- 
sistor T4 is connected to the collector circuit 
of TS. Transistor T4 provides isolation for 
the base current supplied by T6 for T5, when 
the protective circuit responds. If Tl and/or 
T2 conducts because of a d.c. voltage at one 
or both inputs, T3 conducts. In this case, 
T4 conducts also and the BD 139 power 
transistor is starved of base current. The 
relay in the collector circuit of T5 is de- 
energized and the links between the loud- 
speakers and the power amplifier are discon- 
nected. 


The circuit also contains four resistors for 
matching a set of headphones to the power 
amplifier. This allows the headphone outputs 
to be tapped at the amplifier outputs. If the 
listener only wishes to use the headphones, 
the loudspeakers can be switched off by 
means of S1. Those readers desiring separate 


headphone amplifiers will find relevant in- 
formation in a future article to be published 
(preamplifier for the audio XL system), In 
this case, resistors R24... R27 and switch 
S1 are not required. 


Construction and installation 


Figure 4 shows the track pattern and com- 
ponent overlay for the printed circuit board. 
The printed circuit board was designed to 
consist of two parts which can be separated 
if desired. This makes it possible to mount 
the display part in the front panel of the 
power amplifier housing and the part con- 
taining the remaining circuitry elsewhere, 
preferably directly at the loudspeaker out- 
puts (i.e. the point where the relay should 
also be installed). The display printed circuit 
board can also be installed in the prea- 
mplifier housing and the ‘protection part’ in 
the power amplifier. This feature should be 
of interest to those readers wishing to 
conceal their power amplifier (for example, 
immediately behind the loudspeaker boxes). 
When separating the board, it should be 
noted that three wire links must be connec- 
ted: LSP, + and ‘|’. If it is not separated, of 
course, these links will not be needed. If 
the headphone output is connected, switch 
S1 must be incorporated in the LSP link 
with the first arrangement. In the second 
case, the appropriate track should be cut 

so that the switch can be connected at this 
point. Constructors wishing to limit them- 
selves to a more modest budget may prefer 
the following alternative. In this case, the 
display part is entirely omitted; a 33k 
resistor is connected between points ‘+’ 

and LSP and an electrolytic capacitor 

(47 y/16 V) and 100 ohm resistor in series 
are connected between points LSP and ‘|’. 
Here too, S1 can be utilized. If one wishes 
to have a ‘digital’ delay time in any case, 
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Parts list 


Resistors: 

R1=1M 

R2= 100k 
R3.., R9= 3302 
R10,R15,R20 = 15k 
R11,R16 = 82k 
R12,R17 = 56k 
R13,R18,R21 = 10k 
R14,R19 = 33k 
R22 = 4k7 

R23 = 3k3 

R24,R26 = 220 2/1 W 
R25,R27 = 39.2/1W 


Capacitors: 

C1 = 680 n MKT 

C2 = 100 n MKT 
C3,C4,C6,C7 = 33 u/63 V 
C5,C8 = 22 u/35 V 


Semiconductors: 

D1...D13=1N4148 

T1,T2,T4,T6 = BC 547B 

T3 = BC 557B 

T5 = BD139 

LD1 = 7760 (common 
cathode) 

1C1 = 4093 

IC2 = 4029 

IC3 = 4511 


Miscellaneous: 

Rel =relay 10...15V/ 
50...100mA, 

2 normally-open contacts 
10 Arms gold-plated 
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Figure 5, This is the wiring 
diagram. The leads drawn 
with dashes relate to the 
headphone outputs. 
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only IC3, LD1 and R3... R9 are omitted. 
The relay must be rated for a coil voltage of 
12 V and must be capable of switching a 
minimum of 5 A per contact. It is well 
worth procuring a relay with goldplated 
contacts, 

Connections are made in accordance with 
figure 5. In our example, we have assumed 
that the display section is separate from the 
main board and switch S1 is inserted. 

The relay must be installed in the 
immediate vicinity of the loudspeaker 
outputs of the amplifier. This is also prefer- 
able with the protection circuit. The purpose 
of $1 is to switch off the loudspeakers 

by means of the relay, if the listener only 
wishes to use the headphones. The leads 
drawn with dashes can be omitted if the 
headphone output will not be installed. 

In this case, S1 and R24... R27 are also 
omitted. 

Under no circumstances should a 


large electrolytic capacitor be utilized. 


After switching on the operating 

voltage the display shows the countdown 
from 5 to 0. Once the figure 0 appears on 
the display the relay will be energized and 
the display should continue to show 0. As 
a functional check, a 4.5 V flat battery is 
connected to the input for the left channel 
with positive to the input and negative to 
the circuit ground. The protection circuit 
should respond and the relay should be 
de-energized again. Remove the battery. 
After a short time the relay will be ener- 
gized again because the fault at the input 
will have been eliminated. Now connect 
the battery with inverse polarity and the 
relay should be de-energized once again. 
This procedure should be repeated at the 
input for the right-hand channel. 

It can now be assumed that the loud- 
speakers are effectively protected against 
surges, peaks and d.c. voltages at the out- 
puts of the power amplifier. 


with a contribution from H. Fietta 


a | 
The many reactions to the darkroom 
computer described in the September 
and October 1982 issues are evidence 
of the great interest shown in this 
circuit. This article now describes 

the manner in which the darkroom 
computer can be connected to 

the well-known Philips enlargers 

PCS 2000 and PCS 130/150. Also 
shown is a method of obtaining better 
linearity of the thermometer, as well 
as an improvement to the operation 
of the darkroom computer by means 
of a small program modification. 


Darkroom-Computer PCS150 


83016-1 


When connecting the darkroom computer to 
Philips enlargers PCS 130/150 and PCS 2000, 
the problem is that these units are equipped 
with built-in timers. There is therefore a risk 
that the built-in timer will affect functioning 
of the timer in the darkroom computer. 
Furthermore, these enlargers have a ‘power- 
on reset’. This means that the enlarger lamp 
will not light up when the mains voltage is 
switched on. It is therefore not possible to 
activate the lamp using the darkroom com- 
puter via the mains plug or mains switch of 
the enlarger. The object of the exercise is to 
find some point on these units to which the 
darkroom computer can be connected. 
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Figure 1. This is how the 
darkroom computer is 
connected to the Philips 
enlarger/control unit 

PCS 130/PCS 150, using an 
optocoupler. 


darkroom 


computer tips 
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PCS 130/150 


With this type, the connection can be made 
very simply using an optocoupler. Figure 1 
contains a sketch showing the connection 
between the darkroom computer and a 

PCS 150 enlarger using an optocoupler. 
Relay Rel in the darkroom computer is 
replaced in this case by a 150 Q resistor and 
the LED of the optocoupler. The photo- 
transistor of the optocoupler is now wired 
in parallel with the stand-by terminals of 
the Focus/Adjust/Stand-by switch in the 
enlarger. Shown in figure 2 is a section of 
the printed circuit board of the PCS 150, 
with connection points properly marked. 
The control unit of the enlarger contains 
sufficient space to accommodate the 
additional optocoupler. The LED terminals 
can be wired to a socket, thus allowing the 
connection to the darkroom computer to be 
made with a plug and cable. 


PCS 2000 

The PCS 2000 enlarger presents something 
more of a problem. This enlarger is equipped 
with an automatic lamp shutoff circuit 
which ensures that the bulbs are not on for 
more than 2.5 minutes, This provides pro- 
tection against overheating. The protection 
is only required in the ‘Adjust’ and ‘Focus’ 
settings. In the ‘Stand-by’ setting the 
maximum time that can be adjusted is 

40 seconds, which means that the lamp 
shutoff circuit does not become operational 
in this case. If one wishes to connect the 
darkroom computer to the enlarger, the 
connection must be made via the 'Stand-by’ 


setting of the Focus/Adjust/Stand-by switch. 


In this case the connection must be made 
in such a way that the protection circuit 
also functions if an excessively long time is 
selected with the darkroom computer. The 
desired method of connection is made 
possible using a relay with two changeover 
contacts, 


The relay must be wired according to 

figure 3. If one opens the housing of the 
control unit and views the component side 
of the printed circuit board, the section 
illustrated in figure 4 can be seen, The relay 
is wired in as shown in figure 4. One of the 
leads of R29 is snipped off and a normally- 
closed relay contact is wired between the 
two free ends. Two stranded wires are con- 
nected to pins 23 and 25 of switch SK-5 on 
the solder side of the p.c.b. These two wires 
are also routed to the relay and connected 
to the second (normally-open) contact as 
shown in figure 4 (see also figure 3). 

The relay must be rated for a coil voltage 
of 5 V. It should also be as small as possible 
to facilitate installation in the control unit. 
A suitable relay, quoted here as an example, 
is RAPA type 08E-4,5-002/7, whose wiring 
diagram is shown in figure 3. 

The two coil terminals for the relay can be 
wired to a socket which is fitted to the 
control unit, A plug and cable are then used 
to connect the enlarger to the darkroom 
computer. If the darkroom computer is not 
connected, the PCS 2000 functions 
normally. 


Operation 

Once the modifications have been made, set 
the Focus/Adjust/Stand-by switch to the 
‘Stand-by’ position. It is now possible to 
work with the darkroom computer and 
enlarger combination as though a normal 
enlarger were connected. However, care 
must be taken not to press the timer-start 
button on the control unit, otherwise the 
times selected with the darkroom computer 
will not apply. The focus function can be 
activated either with the corresponding key 
on the control unit or with that of the 
darkroom computer. If one does not wish 
to switch the darkroom lighting with the 
computer, Rel can be omitted. In this case, 
however, some care must be taken with 
light measurements otherwise they can 


2 


view of the lower 
left side of the p.c.b. 


Switch Focus* ADJUST* STAND-BY 
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Figure 2. This is how the 
optocoupler is connected 
to the printed circuit board 
of the control unit. The 
figure shows the soldering 
side. 
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be influenced by the darkroom lighting. It 
is therefore better to use the computer for 
switching the darkroom lighting for light 
and contrast measurements. 


Improving the linearity 


It is possible to improve the linearity of the 
thermometer to some extent, T2 (BC 547B) 
should be replaced by a BS 170 and R10 
should be reduced to 10 2. In this way the 
residual voltage over C3 is reduced from 
10... 15 mV to about 1.5 mV. The fairly 
linear response (maximum deviation +0.2°C) 
thus becomes even more linear. 

The pin configuration of the BS 170 is the 
same as that of the BC 547, so that the 
modification can be made very simply. 


Improving the second process timer 

If the second process timer (which is visible 
on the display) is used, the fact that the first 
process time always reappears on the display 
when the timer is stopped intermediately 
(with the START/ST button) may be in- 
convenient. It would be more practical for 


the timer to return to the beginning of the 
current process time. This is made possible 
by a software modification which requires 
changing of the following addresses in the 

EPROM: 


Address Data 

99A8 49 (previously: C9) 
09AB 98 (previously: 04) 
99B3 2E (previously: 5E) 
@9B5 5E (previously: QA) 
Q9B7 QA (previously: 5A) 
99B9 5A (previously: 2E) 


If the START/ST button is pressed whilst 
the timer is running it stops and the start of 
the current time is displayed. This is because 
one normally stops it when the preset time 
has elapsed and the buzzer is heard. If, for 
example, one stops the timer when the 
fourth time has elapsed, the start of the fifth 
time appears on the display. When the 
START/ST button is pressed again, timing 
continues from this point. Other controls 
remain unchanged. 

The new program has been incorporated in 
the Elektor Software Service under number 
514-N, thus providing the user with a choice 
of two different versions. K 
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Figure 3. The PCS 2000 is 
connected to the darkroom 
computer by means of a 
relay with two changeover 
contacts, 


Figure 4. This is how the 
relay is connected to the 
printed circuit board of the 
control unit. The figure 
shows the component side 
of the board. 
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So far, digital audio has only been demonstrated in studios, development 
laboratories, industrial fairs and exhibitions. In the hi-fi enthusiast’s living 
room, however, the most that can be expected is a normal LP, marked 
appealingly if dubiously ‘DIGITAL’ because the master tape was recorded using 
digital technique. But let's face it: there is no doubt that digital audio will soon 
be in the living room. The chips are already available, which means that the 


equipment will soon be on the market. 


chips for digital audio 


Photograph 1, The Philips 
CD 100 is one of the first 
CD players on the market. 
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Digital audio is not an end in itself. Until 

it becomes marketable, the technical advan- 
tages will be relatively unimportant. 

What do we mean by ‘marketable?’ To the 
semiconductor manufacturers this simply 
means that the technique must be suitable 
for applications in entertainment elec- 
tronics. The marketability of digital audio is 
centered on one significant aspect: chips, 
Particularly in the field of consumer goods, 
it is important that the introduction of new 
techniques provides the equipment manu- 
facturers with commercial advantages. For 
digital audio, this precondition can only be 
met through the use of LSI techniques. Even 
with the fastest microcomputers available 
at present, the digital processing of audio 


signals can just about be executed. The 
demands made by digital audio techniques 
on signal processors are extremely high, both 
with respect to computing speed and com- 
plexity of the operations. This is also one of 
the reasons for the long wait for ‘digital 
audio’. As far as the IC manufacturers are 
concerned, the demands are almost at the 
limit of what is economically feasible. 
There is no doubt, however, that this 
technique will soon be a vital part of enter- 
tainment electronics, Digital LSI circuits for 
the entire signal processing system can pro- 
vide further rationalisation in production: 
less system components, automated com- 
ponent insertion, alignment and testing, 

as well as greater flexibility in adaptation 
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to the needs of the market. This last aspect 
is particularly fascinating. In future, model 
variants will require few circuit modifi- 
cations, if any, and will be obtained by 
software changes. 


The future is already here 


Digital audio ICs already exist — at least 
from pilot production, as samples for the 
equipment manufacturers, As can be 
expected, some of these are chips which are 
utilised in compact disk players. Others, 
however, are from an unexpected field of 
application: 

the TV set! 

Clearly, a digital disk player cannot be 
designed without digital audio ICs. Who 
needs a rack full of printed circuit boards 
under his record player, as was the case 

at an international electronics exhibition 

in 1981? In contrast, the very compact pilot- 
production equipment demonstrated at 
many international Hi-Fi- Video Exhibitions 
this year was already equipped with the LSI 
circuits developed for mass-production (see 
photographs 1 and 2). The block diagram of 
the signal processing in the CD player 
(figure 1) shows that a considerable number 
of chips on the decoder board (signal pro- 
cessing) are utilised for reconstitution of the 
digital audio information from the signal 
delivered by the laser pick-up. The chips in 
this section were specially developed for 
applications in the CD player and cater 

for high-frequency demodulation, clock 
recovery, extensive error correction and 
speed control of the drive motor. The 
digital audio signal played back from the 
disk and error-corrected is presented at 

the output of this CD-dedicated signal pro- 
cessing circuitry. Shown within the dashed 
lines is a two-channel, 16-bit digital-to- 
analogue converter, based on three ICs, This 
converter is one of the first, significant 
functional blocks for digital audio in a 
marketable form, This type of module 

is required in every digital audio system, to 
obtain a reconstituted, analogue audio signal 
at the end of the digital signal chain. Since 
there are no digital power amplifiers (nor 
digital loudspeakers! ), there is no alternative 
to conversion back to an analogue signal. 
Moreover, converters for digital-to-analogue 
and vice versa will still be needed for a long 
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time, to be able to utilise digital audio com- 
ponents in existing, analogue hi-fi systems. 
One can say, therefore, that the fully 

digital audio system is still in the distant 
future. 

However, digital signal processing in 
television sets, including the audio section, is 
very close at hand, This may appear strange, 
but it is supported by convincing economic 
arguments, Particularly with a colour tele- 
vision set and its fairly involved circuitry, 
the manufacturing costs can be considerably 
reduced through digitisation using a few 
LSI circuits. The advantage to the con- 
sumer is improved characteristics, such as 
higher reliability and a better picture and 
sound, 
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Figure 1, Block diagram 
of the compact disc 
decoder. 


Figure 2. Block diagram 
of a digital preamplifier 
and control amplifier, 
consisting of a 2-channel 
A/D converter and an 
audio processor. 


Figure 3.4.41 kHz sinus- 
oidal signal, sampled with 
44.1 kHz in figure 3a and 
with four-times the fre- 
quency in figure 3b. The 
sampling process results 

in a staircase voltage which 
is an approximation of the 
original signal. The higher 
the sampling frequency, 
the closer the approxi- 
mation. With the higher 
clock-frequency sampling 
rate, harmonics of the 
staircase signal can also 

be filtered out more 
easily. 
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Photograph 2. This is the 
most important p.c.b. of 


the digital recorder player. 


Four NMOS ICs perform 
most of the digital audio 
signal processing; this 
necessitates more than 

4 million operations per 
second. 
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ITT-Intermetall have developed two 
interesting digital audio ICs for this ‘digital 
TV set’: an analogue-to-digital converter and 
a digital audio processor. Both chips are 
designed for processing two audio channels 
(stereo) and are not only suitable for stereo 
TV but also for purely audio applications. 
The signal processor can directly process 
digital signals from a disk player or tape 
unit. Figure 2 shows the block diagram of 
a digital, stereophonic audio-processing 
system using these two chips, which we 
shall discuss in a future article. 


14-bit D/A converter with 16-bit 
characteristics 


Within the compact disc, some important 
parameters were established for future 
digital audio equipment: a sampling fre- 
quency of 44.1 kHz and 16-bit analogue-to- 
digital conversion. 

The choice of 16 bits per sample was a brave 
decision: this resolution also complies with 
the studio standard for digital audio, allows 
a signal-to-noise ratio of 96 dB (6 dB per bit) 
and delivers a data flow of more than 1.4 
million bits per second (with two audio 
channels)! This has set a quality standard 
which will meet future requirements, but 
which also represents a challenge to the 
technology that must be provided by the 
IC manufacturers. In the case of the 16-bit 
converter for the CD player, this challenge 
apparently resulted in a new solution: 16 
bits converted with a 14-bit converter. 
Since no 16-bit D/A converter was devel- 
oped for the CD player, there is reason to 


suppose that Philips originally intended to 
use 14 bits for the compact disk, but was 
‘obliged’ to adopt a 16-bit system as 
development progressed. At any rate, the 
TDA 1540 14-bit D/A converter was pre- 
sented in 1980. Thanks to a clever current 
division method, called ‘dynamic element 
matching’ by Philips, it exhibits outstanding 
linearity which allows a signal-to-noise ratio 
of 85 dB (according to the manufacturer), 
Dynamic element matching is a dynamic 
compensation method in which the errors 
of individual currents are eliminated by 
switching and mean value formation. This 
therefore dispenses with the very expensive 
laser trimming of the summing resistors with 
conventional D/A converters. In addition to 
the high linearity which corresponds to that 
of a 15-bit converter, the TDA 1540 also 
exhibits a very fast operating speed. It 
processes a maximum of 12 million bits 

per second, allowing its application in 
systems with sampling frequencies of up to 
850 kHz, which corresponds to signal band- 
widths of more than 400 kHz. This is 
certainly more than sufficient for digital 
audio! 


Oversampling: greater bandwidth 
results in reduced noise 


But let us get back to the 16-bit converter. 
Why develop a 16-bit D/A converter when 
an excellent 14-bit D/A device already 
exists? Maybe this was the train of thought 
at Philips. The fast operating speed of the 
TDA 1540 makes it possible to increase the 
signal-to-noise ratio above the 85 dB of the 
14-bit converter, using a method known as 


‘oversampling’. There is nothing particularly 
spectacular about oversampling; on the 
contrary, it is a relatively simple process. 
According to Nyquist’s sampling theorem, 
the sampling frequency must be at least 
twice as high as the highest signal frequency. 
For reasons of bit economy (why produce 
more bits than absolutely necessary accord- 
ing to Nyquist?), the sampling frequency 
chosen is not much higher in practice. If it 
is higher, however, the process is referred to 
as ‘oversampling’. Oversampling does not 
only provide more bits, but also advantages. 
The transmission bandwidth becomes greater 
than the signal bandwidth. The quantisation 
noise is therefore distributed over a greater 
bandwidth and becomes correspondingly 
less within the signal bandwidth. In this case 
of the 16-bit converter in the CD player, 
oversampling with a factor of four is em- 
ployed; the sampling frequency is increased 
from 44,1 kHz to 176.4 kHz. The quan- 
tisation noise is distributed over a bandwidth 
which is four times greater; the residual 
noise within the audio bandwidth is only 
one quarter of the original figure. Expressed 
in decibels, the gain in the signal-to-noise 
ratio is 6 dB. This brings the original 85 dB 
of the TDA 1540 up to 91 dB, which corre- 
sponds to the figure for a good 15-bit 
converter, 

Oversampling provides yet another advan- 
tage. Figure 3 shows a sinewave of 4.41 kHz, 
sampled with 44.1 kHz in figure 3a and with 
four-times the frequency in figure 3b, The 
sampling results in a staircase approximation 
of the signal curve. At the higher sampling 
frequency this approximation is consider- 
ably closer, so that the ‘staircase voltage’ 
harmonics presented by the signal after D/A 
conversion can be filtered out much more 
simply. 

This point is highly significant. Figure 4c 
shows the spectrum of an audio signal with 
a bandwidth of 20 kHz, sampled with 

44,1 kHz. Theoretically, an infinite number 
of harmonics are produced which consist 

of integral multiples of the sampling fre- 
quency, with sidebands which are 20 kHz 
wide in each case. Of course, this wide and 
unfiltered spectrum must not be applied 

to the audio amplifier and loudspeakers. 
Although the frequencies above 20 kHz are 
beyond the audible range, they would cause 
amplifier blocking and would produce 
audible intermodulation products. For this 
reason, a digital audio system should atten- 
uate all frequencies above 20 kHz by at least 
50 dB at its analogue output. This task is 
normally performed by steep-sloped filters 
after the D/A converter; however, they are 
not a healthy business proposition because 
of the large number of components required 
and subsequent alignment. Furthermore, 
such steep-sloped filters do not exhibit a 
linear phase response in the pass band, thus 
resulting in impaired reproduction of pulse- 
type sound, according to the audio experts. 


The heart of the module: 
SAA 7030 digital filter 
In the 16-bit D/A converter of the CD 


player, this problem is solved with a digital 
module which also caters for the over- 
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Figure 4. The digital 
audio signal and its spectral 
breakdown: 


a. The original analogue 
signal 


b. The sampling process 

results in a train of 
pulses whose amplitude 
corresponds to the instan- 
taneous value of the ana- 
logue signal (pulse ampli- 
tude modulation). 


c, Frequency spectrum of 

such a pulse train, The 
sampling frequency is 
44.1 kHz; the sampled 
signal (analogue signal) is 
within the audio range of 
0-20 kHz. 


d. Spectrum after 
oversampling with 
176.4 kHz and digital 
filtering. This makes it 
considerable easier to 
filter out the frequencies 
above the audio range 
(about 20 kHz), because 
the sidebands with 44.1, 
88.2 and 13.2 kHz are 
already attenuated. 


e. The hold function of 

the digital-to-analogue 
converter results in further 
filtering with the sin x/x 
curve depicted; the first 
null point of this function 
is at 176.4 kHz. 


f. The rest ist handled by 

a simple analogue low- 
pass filter with a cutoff 
frequency between 30 and 
40 kHz at the output of 
the D/A converter. 
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Figure 5. The 16-bit D/A 
converter system in the CD 
player. It consists of an 
SAA 7030 digital two- 
channel filter 1C and two 
bipolar 14-bit D/A con- 
verter ICs. The D/A 
converters are followed 

by Bessel filters (figure 8). 
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sampling and ‘rounding off’ from 16 to 14 
bits for the two TDA 1540s. Figure 5 shows 
the full circuit of the stereo D/A converter, 


based on the three ICs. The heart of the 


module is the SAA 7030 digital oversampling 
filter IC in NMOS technology. It processes 
both stereo channels. After demodulation 
and error-correction in the previous stages, 
the music is applied in 16-bit serial form to 
inputs DLCF and DRCF of the SAA 7030. 
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First it places them in shift registers which 
quadruple the sampling frequency from 
44.1 kHz to 176.4 kHz. This also effectively 


increases the audio bandwidth from 22 to 


88 kHz, reducing the quantisation noise 
within the 22 kHz bandwidth by 6 dB. The 
three intermediate values required on 
account of oversampling by a factor of four 
(a quadrupled sampling frequency means 
four samples instead of one in the same 
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unit of time), are generated by the filter by 
way of multiplication of the input data 

by the filter coefficients and summation. 
Since the coefficients are numbers with a 
length of 12 bits, products with a length of 
28 bits are produced in the accumulator 
after the filtering operation; these products 
now represent the samples (sampling fre- 
quency 176.4 kHz). From these 28-bit 
words, only the 14 most significant bits 
(the ‘upper’ ones) are shifted to output 
DLFD for the left channel and DRFD for 
the right channel. The remaining bits (14 


least significant bits) are not discarded; their 


sign is changed and they are added to the 
next sample arriving in the accumulator. 
This feedback of the rounding error results 
in a reduction of the quantisation error 
created by the transition from 16 to 14 
bits for slowly varying signals, i.e. low fre- 
quencies. A lower quantisation error at 
low signal frequencies signifies lower quan- 
tisation noise in the lower region of the 
frequency range. This can also be seen in 
the spectrum of the quantisation noise: 
lower at low frequencies and higher at high 
frequencies. This feedback of the rounding 


quantisation noise 


(relative scale) without oversampling 


* with noise shaping 
with oversampling 


— 
8B kHe 


20kH2 


remaining noise 
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in audio band 


error, known as ‘noise shaper’ by Philips, 
provides another 7 dB reduction in noise 
over the audio range from 0 to 20 kHz. 
Together with the 6 dB obtained by 
oversampling, this is a dynamic gain of 
no less than 13 dB. Taking a figure of 

84 dB for the TDA 1540 14-bit converter 
(without oversampling and noise 
shaping), the entire system consisting 

of the SAA 7030 plus TDA 1540 exhibits 
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Figure 6. Block diagram 
of the D/A system in 
figure 5. The transversal 
digital filter (TDF) in- 
creases the sampling rate 
from 44.1 to 176.4 kHz 
and attenuates the har- 
monics in the spectrum of 
the sampling signal (see 
figure 4). The noise shaper 
(marked NS) rounds off 
the 28-bit signal from the 
filter output to 14 bits and 
feeds the rounding error 
back to its output, delayed 
by one sampling period 

Ts and with changed sign, 
where it is added to the 
next sample. 


Figure 7. A signal-to-noise 
ratio corresponding to 
that of a 16-bit D/A con- 
verter is obtained using 
14-bit D/A converters, by 
reducing the quantisation 
noise: oversampling (with 
four-times the sampling 
frequency) brings the 
signal-to-noise ratio of the 
14-bit D/A converters from 
84 to 90 dB; the noise 
shaper reduces the noise in 
the audio band of up to 
20 kHz by a further 

7 GB, thus resulting in a 
total signal-to-noise ratio 
of 97 dB which corre- 
sponds to that of 16-bit 
systems. 
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Figure 8. Third order 
Bessel lowpass filter at the 
output of the TDA 1540 
D/A converter. Switch 
1a/1b switches a de- 
emphasis network into 
the circuit if required. 
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a maximum signal-to-noise ratio of 97 dB, 
which corresponds to that of a 16-bit 

D/A converter, It is therefore quite 
justifiable to describe the system as having 
a 16-bit converter, although the D/A 

circuit itself is only a 14-bit device. 

The actual task of the digital filter is to 
remove interfering harmonics from the 
spectrum of the PCM signal. The filter 
coefficients are selected so that the filter 
suppresses harmonics between the audio 
range and the two sidebands of the 

176.4 kHz oversampling frequency. This 
residual spectrum around the oversampling 
frequency is attenuated by the hold function 
of the TDA 1540. The TDA converter does 
not present needle pulses at its output, 
whose amplitude corresponds to the sample 
value, but holds each sample until the next 
sample arrives. Thus the staircase voltage 
shown in figure 3 is produced, instead of a 
train of needle pulses. With regard to the 
effect on the spectrum of the signal, it is 

as though the spectrum of the PCM signal 
(figure 4) would be filtered with a filter 
with the sin x/x response in figure 4. 

This curve has a (first) null point at 

176.4 kHz. 

Prefiltering with the SAA 7030 digital filter 
and the hold function of the TDA 1540 
allows the use of a simple third-order ana- 
logue filter to attenuate the remaining high- 
frequency interfering signals. In order to 
obtain a linear phase response, a Bessel 
lowpass filter with a cutoff frequency of 
30 kHz and rolloff of 18 dB/octave is 
utilised. As shown in figure 8, the current 
output of the TDA 1540 D/A converter is 
connected to the virtual ground point at the 
inverting input of the first operational 
amplifier in the filter, so that the output 
filters also cater for conversion of the output 
current of the D/A converters to an output 
voltage. All the usual hi-fi equipment can be 


connected to the analogue audio output; 
the level corresponds to that of the line level 
of the auxiliary inputs of amplifiers. 


Not only for the compact disc 


This concept makes available for the first 
time a low-cost converter of professional 
16-bit quality, based on ICs that can be 
mass-produced. For applications other than 
the compact disc, this D/A converter can 
also be operated with other sampling fre- 
quencies. The cutoff frequency of the digital 
filter remains at 0.45-times the sampling 
frequency and the sin x/x curve of the A/D 
hold function follows with its null point 
the sampling frequency. It may be necessary 
to redimension the analogue output filter 
only, in order to maintain the linear phase 
response in the passband. 
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If one wishes to expand a fully built personal computer, the internal power 
supply is usually inadequate to power additional circuitry. The relatively new 


generation of memory chips (RAMs, EPROMs) only need a single operating 
voltage of 5 V. This 5 V/3 A power supply is therefore ideal for powering 
additional memories, peripheral devices and the like. The power supply can be 
built very simply using an LM 350 voltage regulator IC. Internal protective 
circuits against excessive load currents and temperature rise ensure that the 
power supply can survive considerable mistreatment. 


A computer power 


shortcircuit-proof 


supply 


and protected against thermal overloads 


The LM 350 voltage regulator used in this 
power supply has a particularly appealing 
characteristic: the ‘common’ terminal 
behaves as a real adjustment terminal. In 
contrast to the usual 3-terminal voltage 
regulators, the current flowing via this 
terminal is very low and almost 
independant of input voltage and 

load (Iaqj). It is therefore possible to varyr 
the output voltage by means of a simple 
voltage divider, without impairing the 
regulating characteristics. 

Figure 1 shows the block diagram of such a 
configuration using a voltage divider. The 
voltage regulator develops a very stable 
reference voltage of 1.25 V between 

pins 3 and 1. This voltage produces a 
constant current through resistor R1 and, 
together with Iaqj, a voltage is developed 
over R2. Thus the output voltage Uoyt is 
given by: 


Vout = Uref + (Iadj + Uref/R1)R2 
= Uret (1 + R2/R1) + Iaqj R2 


7 
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As already mentioned, the (error) current 
Taqj is very low and almost independant of 
input voltage and load. One can therefore 
consider the output voltage as only being 
dependant on the very stable internal 
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Technical data 
® Output voltage: 
4?..,5.7V 
(adjustable) 
® Output current: 
3 A max. 
a Ripple: 
<1MVims 
® Protected against 
shortcireuit and thermal 
overload 


Figure 1. In contrast to the 
usual three-terminal types 
of voltage regulator, the 
LM 350 provides the 
advantage that the current 
laqj is very low and almost 
independent of the input 
voltage and load. It is 
therefore possible to vary 
the output voltage by 
means of a simple voltage 
divider, without impairing 
the regulating 
characteristics. 
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reference voltage and the ratio between 
resistors Rl and R2. The value Iagj R2 can 
be discounted. The output voltage. can 
therefore be adjusted as desired and can be 
made continuously variable by using a 
potentiometer instead of R2. In this 

3A power supply a trimmer was utilized 
instead of R2 (P1 in figure 2). The output 
voltage can be set between 4.7 and 5.7 V by 
means of the trimmer. This arrangement 
allows the voltage drop over the leads to the 
computer to be compensated for. 

The LM 350 voltage regulator is 
shortcircuit-proof and contains an internal 
protective circuit against thermal overload. 
The internal protection is rated to allow the 
regulator to deliver a current of at least 3A 
(shortcircuit current typically 4.5 A, 
depending on the device). However, the 
protective circuit against thermal overload 
does not render a heatsink superfluous: 
without a heatsink it would respond much 
too fast. 

Bypass capacitors (C3 and C5) are wired at 
the input and output of the regulator. These 
capacitors also suppress any tendency of the 
circuit to oscillate. Capacitor C4 bypasses 
the regulating input (pin 1), allowing 
improved suppression of ripple at pin 2 to be 
achieved. Diodes D1 and D2 ensure that a 
voltage with inverted polarity is not applied 
to the regulator, and that the capacitors 
discharge through the device. If the output 
is shorted, diode D2 prevents capacitor C4 
from discharging via pins 1 and 2 of the IC. 
Otherwise the latter would be distroyed 
before the onset of the protection circuit. 
Diode D1 prevents the potential at pin 3 
from becoming higher than that at pin 2. 
This can occur, for example, when a hefty 
smoothing capacitor in a connected item of 
equipment retains a voltage for a longer 
period than capacitors Cl and C2, after the 
equipment has been switched off. 


Component arrangement 
The printed circuit board illustrated in 
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figure 3 is of the same dimensions asa 

50 mm-long SKO3 heatsink (2.7°C/W). This 
facilitates construction of the power supply. 
The heatsink can be mounted externally at 
the rear of a housing, with the printed 
circuit board mounted internally; the same 
mounting holes are then used. In this case 
the soldering side of the printed circuit 
board faces the heatsink. The connecting 
leads to the regulator can be passed through 
the holes provided on it. Stranded wire with 
a cross-section of at least 1.5 mm? should 
be utilized for the leads to pins 2 and 3 of 
IC1. In any case, they must be capable of 
passing 3 A. Insulating mica washers and 
thermal paste must be used when assembling 
IC1 to the heatsink. The regulator must not 
make any electrical contact with the 
heatsink and/or the housing. Check this 
with an ohmmeter! If the power supply is 
to deliver a continuous current of more 
than 2.5 A, the bridge rectifier should also 
be fitted with a heatsink (bracket). 

The mains transformer must be capable 

of supplying a current of 4 A at 10 V. 

Once the power supply has been 

built and checked for faults, the mains 
voltage can be switched on. The no-load 
output voltage is adjusted to its minimum 
value (4.7 V) with P1. Then connect the 
power supply to the computer. Switch on 
the power supply and the computer, and 
adjust P1 so that the voltage in the computer 
is exactly 5V. This allows the voltage drop 
over the leads to be easily compensated for. 
It is not advisable to set the no-load voltage 
to more than 5.5 V; as this is the maximum 
permissible voltage for TTL and 
microprocessor ICs. If a circuit which draws 
a high current should fail for some reason, 
the voltage drop over the leads will be 
reduced and the voltage then present on the 
leads may be too high for the electronic 
components. Should the no-load operating 
voltage required be higher than 5.5 V, 
thicker or (if possible) shorter leads have to 
be used and the power supply must 
obviously be readjusted. K 
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Figure 2. Thanks to the 
LM 350 voltage regulator, 
the 3 A power supply is 
shortcircuit-proof and 
protected against thermal 
overloads. Diodes D1 and 
D2 protect the regulator 
from voltages with inverted 
polarity, which could be 
produced by discharging 
capacitors, 


Gi 
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Figure 3. The dimensions 
chosen for the printed 
circuit board are such that 
it can be assembled into 
one unit together with a 
50 mm4ong SKO3 heatsink, 
The connecting leads for 
the regulator can be passed 
through the holes provided 
on the printed circuit 
board. 


Parts list 

Resistors: 

R1= 1202 

R2 = 3302 

R3= 2702 

P1 = 100-2-trimmer 
Capacitors: 

C1,C2 = 4700 /25 V 
C3=100n 

C4 = 10/16 V 
C5=1n/16 V 


‘Semiconductors: 

B1 = B40C5000/3300 

D1,D2 = 1N4001 

D3= LED 

1C1 = LM 350K TO-3 case 
(National Semiconductor) 


Miscellaneous: 

F1 = fuse 0.5 A slow 

Tr1 = mains transformer 
10 V/4 A sec. 

$1 = double-pole mains 
switch 

Heatsink 2.7°C/W, 

50 mm long (e.g. SK 03) 

Mica washer and heatsink 
compound for IC1 
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This classical task for a 
microcomputer, a control function 
which can otherwise only be 
implemented with a considerable 
amount of hardware, is executed by 
a program. Computers have been 
employed for fullscale versions of 
this technique for some time. This 
is now an opportunity to utilise the 
Junior Computer for the same 
application in miniature. 


traffic -light 
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The hardware can be easily constructed on 
a small perforated board, which can be 
positioned in the vicinity of the port 
connector. The two traffic lights are 
connected via two three-core control lines. 
The positive operating voltage can be taken 
from smoothing capacitor C5 of the basic 
power supply for the Junior Computer. 
Any other unregulated 12 V power supply 
is just as suitable. Bulbs with different 
voltage ratings will of course require a 
different operating voltage. Constructors 
who prefer to use LEDs for the traffic lights 
must join the anodes of the LEDs and 
connect them to the positive operating 
voltage via a (common) limiting resistor. 
At 12 V and an LED current of 60 mA 
(10 mA per LED), for example, the value 
of the resistor is 200 2/1 W. If all LEDs 
light up equally brightly, a limiting 
resistor of 1k2, 1/2 W must be connected 
in series with each LED. 
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Junior 


As in the case of other circuits requiring a 

minimum amount of hardware, this article Co mpu ter 
will merely provide some details regarding 
construction. Figure 1 shows the control 
stages for a total of six bulbs in two traffic 
lights, together with leads and a diode 
matrix which also provides a protective 
function. The two traffic lights are 
controlled by the program in table 1. 

The program can best be described on the 
basis of the Assembler listing in table 1. 
Starting at address 9200, the computer 
starts to ‘shift’ a logic 1 (which corresponds 
to a logic 0 at the collectors of the 
Darlington driver transistors) from PA1 via 
PAS to PAO. The traffic light cycles are: 
traffic light 1 — red, traffic light 2 — amber 
(for 2s); TL1 — red/amber, TL2 — red; 
TL1 — green, TL2 — red (for 10 s); 

TL1 — amber, TL2 — red; TL1 — red, 

TL2 — red/amber (for 2 s); TL1 — red, 
TL2 — green (for 10s). The cycle then starts 
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TRAFFIC LIGHT SIMULATION WITH THE JUNIOR COMPUTER 


WRITTEN BY DIETER HERZBERG BERLIN 


DEFINITION OF ADDRESSES 


9208 PA * $1A8@ PORT A DATA REGISTER 

G200 PADD * $1A81 PORT A DATA DIRECTION 

B298 TIMERD * $1A97 

9208 END * $1A85 

@208 AO 7F , START LDAIM $7F INITIALIZE PORT A 

9202 8D 81 1A STA PADD 

9205 AB 82 LOOP LDYIM $02 LOOP COUNTER 

9207 8C 80 1A STY PA BEGIN WITH PHASE 1 =Al:RED/A2:AMBER 
920A 26 2F 62 NEXT JSR SHORT WAIT FOR 2 SECONDS (PHASE 1+2) 
920D BE 80 1A ASL PA PHASE 2+3 

9210 88 DEY 

@211 DO F7 BNE NEXT 

9213 26 2C 62 JSR LONG WAIT FOR 10 SEC.AT PHASE 3 
@216 AD 62 LDYIM $92 PHASE 4+5 

9218 BE 80 1A NEXTA ASL PA 

@21B 26 2F 62 JSR SHORT WAIT FOR 2 SEC. (PHASE 4+5) 
@21E 88 DEY 

O21F DO F7 BNE NEXTA 

@221 AO B1 LDAIM $01 PHASE 6=PHASE 1 

0223 8D 8B 1A STA PA 

9226 26 2C B82 JSR LONG WAIT FOR 19 SEC. AT PHASE 1 
9229 AC O5 62 IMP LOOP 

@22C A2 28 LONG LDXIM $28 DELAY FOR 10 SEC. 

@22E 2C al $2C 

922F A2 08 SHORT LDXIM $08 DELAY FOR 2 SEC. 

9231 AO F4 LOAD LDAIM $F4 256 MS 

9233 8D 97 1A STA TIMERD DIVISION FACTOR 1624 MS 
@236 2C 85 1A TIMEND BIT END TIME OUT? 

9239 10 FB BPL TIMEND NO 

@23B CA DEX YES LOAD TIMER WITH 2ND DELAY 
@23C 16 F3 BPL LOAD 2ND TIME OUT? 

923E 66 RTS 

923F AQ 7F US LDAIM $7F ONLY IF LIGHTS ARE OUT OF ORDER 
9241 8D 81 1A STA PADD 

9244 AD 40 LDAIM $46 

9246 8D 80 1A PORT STA PA BOTH AMBER LIGHTS FLASHING 
0249 A2 64 LDXIM $04 1 SEC. ON/OFF 

624B 26 31 62 JSR LOAD 

924E AD 80 1A LDA PA 

9251 49 40 EORIM $46 INVERT PORT 

9253 4C 46 82 IMP PORT 


SYMBOL TABLE 3060 3054 


END 1A85 LOAD 9231 LONG 922C LOOP 0205 
NEXT B20A NEXTA 6218 PA 1A89 PADD 1A81 
PORT 9246 SHORT 622F START 6260 TIMEND 6236 
TIMERD 1A97 us 023F 

JUNIOR 


M 
HEXDUMP: 266,255 

Ol. 2 ae ae Te Ge F: 8h OL cA IB. ice Diei Ew IF) 
0200: AQ 7F 8D 81 1A AG® B2 8C 8B 1A 206 2F 62 BE 86 1A 
0210: 88 DO F7 26 2C 62 AD O2 BE 8H 1A 26 2F G2 88 DO 
0220: F7 AY 61 8D 8H 1A 26 2C H2 4C B5 G2 A2 28 2C A2 
0230: 08 A9 F4 8D 97 1A 2C 85 1A 16 FB CA 10 F3 60 AQ 
6240: 7F 8D 81 1A AO 46 8D 8G 1A A2 64 26 31 O2 AD 8H 
6250: 1A 49 46 4C 46 62 


JUNIOR 
again from the beginning. Another traffic to be entered. 
light cycle is simulated with start address In the event of a computer fault, the diodes 


923F. In this case the two amber bulbs flash _ ensure that at least one traffic light is at red, 
at al srate. PAG is utilized for this. The hex _ thus preventing a traffic jam. Accidents are 
dump listing shows a summary of the data also almost ruled out. i 
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Beware of colour-code errors! 
In the circuits sent in by readers, 
we have frequently noticed a 
tricky colour-code error involving 
resistors: sometimes it is very 
difficult to distinguish between 
‘red’ and ‘orange’ in the resistor 
colourcoding. 

The result is that a 10k resistor is 
used instead of 1 k and, of course, 
the circuit does not work, Con- 
fusion is also possible with other 
colours. 

The interpreting of colour-coding 
requires some care and the value 
should be measured in the event 
of doubt, It is a shame when a 
circuit fails to operate, simply 
because of an incorrect resistor, 


Omission in the darkroom 
thermostat article 

Things which seem obvious to the 
person written an article are 
sometimes not mentioned, even 
if they are not so obvious to the 
reader, This was the case with the 
darkroom thermostat (Elektor 
February 1982). A reader in- 
forms us that this circuit func- 
tions electronically, but that we 
failed to mention that both the 
hot wire and the temperature 
sensor must be insulated to 
protect them against the corros- 
ive developing solution and to 
prevent electrolysis. 

Here is another tip from this 
reader’s letter: to improve the 
thermal distribution, position 
2x 2m lengths of resistance wire 
of 10 ohms each in parallel with 
each other in the dish, The 
thinner 100hm résistance wire 
can be melted into the base of 
the plastic dish and given a thin 
insulating seal with two-com- 
ponent adhesive. The thermal 
distribution remains sufficient. 


Disappearing decimal points 
Infocard 53 in Elektor of June 
1982 showed the circuit of an 
active box using a TDA 2030 
under ‘Applications 5°, This was 
an interesting circuit but was 
printed too small, to save space; 
the result was that the decimal 
points in some component values 
could only be guessed. In order to 
avoid problems that some readers 
may have in building this circuit, 
we are printing this circuit dia- 
gram here once again but some- 
what larger. 


Hot ICs — no need for fear 

Here is a technical question we 
often hear: ‘I have built a Junior 
Computer and everything func- 
tions perfectly. After a short 
time, however, the ICs become 
very warm and | switch the com- 
puter off again, in order to play 
it safe. | cannot find any expla- 
nation for this problem because 
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ne Application 5 


everything operates perfectly. Can 
you help me?’ 

Yes, we can; no need to panic! 
It is perfectly normal for ICz 
particularly bipolar digital ICs 
such as TTL, to become very 
warm in operation. These ICs 
draw considerable power which 
is finally dissipated as heat. An 
example is the common TTL 
1C 74145. Typical dissipation 
for this device is 215mW and 
approximately 360mW_ maxi- 
mum; this is in the quiescent 
state with unloaded outputs, 
When these are loaded the dissi- 
pation is even higher. Since the 
area of the IC package is relatively 
small, the IC becomes very warm 
indeed. This is no problem, 
however; it is rated appropriately 
and operates perfectly even at 
ambient temperatures of up to 
70°C. When the computer is 
installed in a housing, care should 
be taken to provide ventilation 
slots for the heat to dissipate. In 


the event of doubt regarding the 
temperature rise of ICs, the data- 
sheet should be consulted: an 
IC with a maximum dissipation 
of 10mW, for instance, should 
not exhibit noticeable tempera- 
ture rise. 


High quality tape playback 
pre-amp 

Circuit no, 46 from the summer 
circuits edition of 1982. The cir- 


cuit shown for cassette recorders 
can be modified as follows to 


cater for reel-to-reel tape re- 

corders, 

Tape speed 4.75 and 9.5 cm/s: 
R4=39k 

Tape speed 19 and 38 cm/s: 
R4=22k 

Everything else remains un- 


changed. 
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FET used in place of a 
Norton diode 


Rare components, such as Norton 
diodes, often cause procurement 
problems that are very discour- 
aging when one is faced with a 
construction project. Especially 
when the project concerned is as 
interesting as a V-FET amplifier 
(e.g. Elektor July/August 1980). 

Necessity being the mother of in- 
vention, ingenious readers had the 
idea of replacing these expensive 
constant-current diodes by a cur- 
rent drive circuit using transistors 
‘or the like’. The only question is 
‘how’? We have found 4 solution: 


see figure 1, Depending which 
BF 256A 
BF 245A 
82185-1 


Figure 1. Norton diodes replaced 
by FET current source. 


Norton diode is to be replaced, 
the constant current of this 
substitute circuit should be set 
by means of the trimmer poten- 
tiometer, The type designations 
of Norton diodes indicate the cur- 
rent: CR200=2mA, CR390= 
3.9 MA, CR 470 = 4.7 MA and so 
on... 


Low-noise microphone 
preamplifier 

Super low-noise preamplifier 
for magnetic cartridges — Elektor 
July/August 1982, page 7-72. A 
super low-noise preamplifier is 
also useful in conjunction with 
microphones, after correcting it 
to obtain a flat frequency re- 
sponse, 

Cl=1n, R1=1k, R14= 3909, 
C4,C5=100p, C6,C7 and R17 
are discarded. With 0.5 mV at its 
input, the preamplifier delivers 
approximately 200 mV at its out- 
put; it is suitable for dynamic 
microphones, it has a flat fre- 
quency response and still exhibits 
very low noise. 


Adapting a potentiometer 

In circuits, the resistance value of 
a potentiometer usually estab- 
lishes the adjustment range of a 
(physical) quantity. With a typical 
potentiometer tolerance of + 20%, 
it is possible that the adjustment 
range of a potentiometer is not 
sufficiently precise, In these situ- 
ations it can be ‘adapted’, Here is 
an example: voltage adjustment 
for the Elektor precision power 
unit of September 1980. A 
section of the circuit is illustrated 


showing potentiometer P2, which 
is used to adjust the output volt- 
age. The relationship between 
potentiometer value and output 
voltage in this case is very simple: 
1V output voltage per kilohm. 
To set the adjustment range to 
precisely 25V, the resistance 
value of the potentiometer at its 
maximum must be as close to 
25kilohm as possible, Before 
going out to hunt for an ex- 
tremely expensive, precision 
potentiometer, one should con- 
sider adapting P2 as follows: 

Use a 47 k potentiometer for P2 
and connect a 100k trimmer in 
parallel (see figure 2b); with the 


82185:20 


Figure 2a. Section of circuit of a 
precision power unit with an 

LH 0075. The value of P1 deter- 
mines the highest output voltage 
and should be as close to 25 k 
as possible, 
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Figure 2b, The value of the poten- 
tiometer can be set precisely by 
connecting a trimmer in parallel, 


potentiometer set to its maxi- 
mum, adjust the trimmer to ob- 
tain an output voltage of exactly 
25V. As usual, there are also 
disadvantages: 
1, The relationship between wiper 
travel of the potentiometer 
and output voltage is no longer 
linear (no problem in this case, 
because the voltage is indicated 
by the integral voltmeter). 
2, If the potentiometer is used as 
a voltage divider, a greater 
resistance value also signifies 
higher internal resistance (not 
applicable in this case, because 
the potentiometer is connected 
as a variable resistor). 
If the resistor of the poten- 
tiometer is only slightly higher 
than its rated value (i.e, up to 
+20%), the exact value can be 
obtained by adjusting a trimmer 
of a considerably higher value 
(factor of 10-20) in parallel. 
The disadvantages mentioned no 
longer apply, because the linearity 
and internal resistance only vary 
slightly. 


Operating life using a 9 V 
battery 

Small circuits with a low current 
consumption are often powered 
by a9 V battery (IEC6F22). In 
the descriptions of these circuits 
one sometimes encounters an 
approximate figure for the service 
life of the battery. How are these 
figures obtained? 

This is a good question, consider- 
ing that the capacity is not 
indicated on the battery not on 
its packaging. However, one can 
find the data in the manufac- 
turers’ technical literature, at least 
for alkali-manganese batteries; for 
example, in the very interesting 
‘Duracell guidelines’ from Mallory. 
The rated capacity quoted is 
500 mAh when discharged over a 
750 Q resistor, down to a terminal 
voltage of 4.8 V. The diagram 
shows the voltage curves for 
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Figure 3. Typical discharge curves 
for a9 V alkali-manganese 
battery (Mallory, IEC 6LF22). 


various loads, The capacity figures 
for ‘normal’ 9V batteries, i.e. 
zinc-carbon systems, are not so 
clear. Their service life (available 
capacity) greatly depends on 
storage life, discharge current and 
type of discharge. However, in 
order to be able to make a quali- 
tative statement, there are dis- 
charge tests specified by IEC, e.g. 
the illustrated ‘pocket calculator 
test’ which specifies a daily 
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discharge of 30 minutes over a 
180 ohm load resistor, The stan- 
dard 9V battery tested here 
provides nearly 6 hours of oper- 
ation with a terminal voltage of 
5.4.V. The capacity of a ‘super 
dry battery’ is slightly more than 
8 hours in this test. In a ‘radio test’ 
(4 hours daily into 900 ohms) the 
operating life is approximately 
40 hours (standard) and 50 hours 
(super). As estimates of capacity 
in mAh one can take approxi- 
mately 200 to 350 for the pocket 
calculator test and 300 to 
400 mAh for the radio test, In 
the case of a continuous dis- 
charge with high currents (e.g. 
into 1800hms) on the other 
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50mAh can be expected be- 
cause the battery does not have 
an opportunity to regenerate 
during intervals. 


Data and pin assignments, 
standard semiconductors 
Elektor uses the same type desig- 
nations in all editions for the 
standard semiconductors of 
the various manufacturers; for 
example, 741 instead of yA 741, 
LM741, RC741 and so on, The 
manufacturers’ identification let- 
ters are dropped. This can be 
found under the heading ‘Decoder’ 
in every edition of Elektor. 
Sometimes, however, there are 
deviating characteristics (data) in 
addition to the manufacturers’ 
letters, Are these also dropped? 
The answer is yes. If we specify a 
‘neutral’ type designation, it means 
that the circuit is designed for the 
version with the ‘more modest’ 
data (e.g. smallest supply voltage 
range). If one uses an IC with 
improved characteristics from 
another manufacturer, there are 
no problems, Obviously the pin 
assignments must be the same! 
A little care must be taken with 
the ‘TUPs’ and ‘TUNs’ (terms 
created by Elektor), Not all tran- 
sistors of the BC family, whose 
data allow them to be used as 
TUP or TUN without any prob- 
lems, have the same pin assign- 
ments, Those types indicated in 
‘Decoder’ can be relied on. This 
only applies to cases in which the 
manufacturer keeps to the ‘Pro- 
Electron’ agreement, which is 
not always the case, We recently 
came across a BC516 with 
interchanged electrodes. Fortu- 
nately the manufacturer had 
marked the electrodes, so that 
one could at least identify them 
(during fault-finding, of course!), 


Figure 4. Typical discharge curve 
for a standard 9 V zinc-carbon 
battery (IEC 6F22) in the ‘pocket 
calculator test’ of IEC: daily 
discharge of 30 minutes over a 
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Fourier 
synthesis 


In 1822 a french mathematician came 
forward with an interesting mathematical 
expression which seems to fit the bill as far 
as sine-wave forms are concerned. Obviously 
his thoughts were not on electronics but on 
the complex problems relating to thermal 
conduction. Even so they are still relevant 
today in the field of electronics. 

By definition the ‘Fourier Transform’ is a 
mathematical expression relating the energy 
in a transient to that in a continuous energy 
spectrum of adjacent frequency components. 
This gives us the Fourier Analysis which is 
termed as a method for determining the 
harmonic components of a complex periodic 
wave function. Conversely the principles can 
be applied to create wave-forms, ideal for 
music synthesisers. 

With the help of a few examples we will 
explain how to apply the theory to produce 
exactly the wave-form wanted. The article 
does not go so far as to show actual working 
circuits, but sticks to block diagrams which 


should stimulate the urge to experiment. 
Complex sound waves (sine waves) are 
composed of a fundamental frequency plus 
harmonics. As most of you know harmonics 
are oscillations of varying amplitude which 
are integral multiples of the fundamental 
frequency. If we then add the possibility of 
varying phase, the resulting characteristics 
are extremely complex. 

For a periodic signal the Fourier expression 
1s: 
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In a more compact and simpler form: 
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An invitation to 
investigate, improve 
and implement 
imperfect but 
interesting ideas. 
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Figure 1. A block diagram 
representing a Fourier 
oscillator. On the left hand 
side is the Fourier 
transformer consisting of a 
16 x 16 matrix and a 
summing amplifier. At the 
output of the summing 
amplifier appears a wave- 
form comprising of the 
sum of the sine and cosine 
components determined by 
the potentiometers 
settings. The multiplexer 
ensures the frequency is 
one determined by a VCO. 


] ejektor — 


27k 
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It is possible to extend these expressions 
infinitely in terms of sine and cosine 
components. In effect each harmonic 
conforms to a sine and cosine term, with the 
amplitude determining the phase relation- 
ship. It is theoretically possible to add an 
infinite number of harmonics, but that 
would need a piece of paper three miles long 
or more! In practice we have to restrict the 
situation using a more realistic number: 
eight or so. 

Music synthesisers make good use of the 
Fourier principle; a sound source (oscillator) 
produces a signal with a certain number of 
harmonics, some of which are then taken 
out by a voltage controlled filter (VCF). 


If we do not take into account the resonance 
factor of the filters we can assume that the 
final tone (waveform) is composed of a 
fundamental frequency with some of the 
original harmonics either taken away or 
attenuated. 

In any acoustic instrument the same thing 
happens but in an analogue way. A guitar 
string, for instance, produces a tone (with 
harmonics) which is then amplified by the 
wood and sound box (resonance), Not all of 
the harmonics produced are treated in the 
same way; some are attenuated more than 
others and some are amplified in varying 
degrees, As the wood ages and the 
instrument is used more frequently the 


Figure 2. The Fourier 
transformer in detail. Each 
intersection has a resistor 
connected between the 
vertical and horizontal 
lines. 
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Figure 3. The sine (3a) and 
cosine (3b) components of 
the 16 outputs of the 
matrix. When the sine 
curve of the eighth 
harmonic (h8) crosses the 
zero point there is no 
result produced at the out- 
puts. 
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molecular structure of the wood changes 
(and therefore its resonance factor), in turn 
altering the overall tone produced. The 
human voice undergoes the same treatment; 
the vocal organs in the larynx produce a 
tone, with the resonance and amplification 
being effected by the mouth and nose 
cavaties, 

It is certainly possible to realise a complex 
filtering system electronically. But, as the 
final tone is determined by the original, 
what is the use of filtering out non existing 
harmonics from a square-wave oscillator. 
What is needed is a reversal of this approach; 
a final complex signal constructed from a 
fundamental with simple signals super- 
imposed upon it. 

Figure 1 shows the block diagram of a 
proposed oscillator ‘a la’ Fourier. The static 
Fourier transformer is composed of 
potentiometers, a resistor matrix and a 
summing amplifier. The potentiometers 
supply the sine and cosine components. 
These are fed via the matrix to the summing 
amplifier which in turn delivers an analogue 
signal composed of the first eight available 
harmonics. This collective signal is sampled 
by a 16 into 1 multiplexer which produced 
the definitive waveforms needed. The multi- 
plexer is controlled by a square-wave signal 
generator (VCO). In other words the final 
signal is not determined by the Fourier 
transformer but by the frequency of the 
VCO, To obtain a chorus effect quite a 

few multiplexers and VCOs are required, 
the signals being further processed by 
voltage controlled filters (VCFs) and 
envelope generators (ADSRs). 


Figure 2 shows the resistor matrix in greater 
detail. Each intersection has a resistor 
connected between the vertical and 
horizontal lines. The matrix is arranged so 
that 16 inputs results in 16 transformed out- 
puts. This allows the possibility to create 

8 harmonics of differing amplitude and 
phase, each being independant of the others. 
The sine and cosine functions (terms) are 
summed to produce a composite analogue 


signal, The amplifier is composed of two 
op-amps connected so that the horizontal 
lines of the matrix constitutes a virtual 
earth. The potentiometers only vary the 
voltage potential on the vertical lines. There- 
fore the current flowing through the 
resistors will depend on the changes in 
voltage level being fed to earth via the 
vertical lines, The currents are summed by 
the op-amps to produce an output voltage. 
The great advantage of using the virtual 
earth system is that the potentiometers do 
not interact or influence each other. 

To calculate the resistor values the formula 


to use is: 
R= 1o/sin 2722 KO] og, 
16 
2 2m-hen 
R= 10/eos "FA" [ko] 


nis the channel number (0... 15). 

his the harmonic (1... 8). 

A positive resistor value means it should be 
applied to the positive input of the summing 
amplifier and a negative value to the negative 
input. The circuit at the output gives a sine- 
wave (or a cosine) of the corresponding 
harmonic having the same amplitude. In 
order to explain this fully we have drawn the 
sine component of the first harmonic at the 
output. By varying the setting of several 
potentiometers we produce the sum of a 
number of sine and cosine components. 
Figure 3a represents the sine, and 3b the 
cosine parts of a harmonic (hl... h8). The 
potentiometer controlling the sine-h8 can be 
omitted. The individual waveforms of the 

16 channels will then intersect the zero 
point of the h8 harmonic with no result 
being produced at the outputs. 

How to use the Fourier oscillator is left to 
the readers discretion as this article is meant 
as an introduction to the theoretical aspects 
from which experimentation can grow. 

The potentiometers can be replaced by other 
types of voltage sources (fixed or variable). 
With this in mind we suggest the use of the 
graphic oscillator circuit from the Elektor 
summer circuits issue 1982 Nr. 7-48. i 


The January 


edition of Elektor traditionally 
examines future trends and is something of an 


‘Elektoracle’. A particularly interesting topic is the 
continuing change in the field of entertainment electronics, especially audio. 
With the advent of digital techniques, the question is raised concerning the 
audio system of the future. There are many indications of future trends in 


high-fidelity techniques and technology. 


tomorrow Ss 


music 


The main factors affecting the change in 
hi-fi equipment techniques are: the market, 
current and future legislation and, last but 
not least, the electronic components indus- 
try with its innovative attitude, 

This last factor is obviously the one that 
interests us the most. The advances in 
semiconductor techniques allow us to 
progress from the existing, digital control 
of many audio components, such as cassette 
recorders and FM tuners, to digital signal 
processing. Apart from the hardware in the 
form of electronic circuitry, the software 
now plays a part for the first time. Thus, for 
example, it is now practically impossible 

to build an FM tuner without software 
because all present tuning systems (fre- 


quency synthesisers) contain a micro- 
processor. 

However, it is also true that the influence 
of the market and legislation on future audio 
techniques should not be underestimated. 
Experience shows us that the consumer by 
no means always accepts what the elec- 
tronics specialist admires. The influence of 
legislation on technical developments 
becomes increasingly obvious. The future 
for video text, satellite reception, cable 
television and wideband communications 
largely depends on legislation, apart from 
the ‘indirect’ influencing factors such as 
standards and test requirements. This is 
therefore the framework for the future 
development of high-fidelity. 
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hi-fi up to 
the end 
the century 
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Figure 1. As the track 
width decreases the use of 
the compact disk becomes 
possible. 


Figure 2. A stereo digital 
system. 
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PCM —a basic innovation 


The 80s are already the decade of digital 
audio techniques. 

Now that the microprocessor has exten- 
sively taken over the control of functions 

in equipment, it is tackling the processing 
of the ‘useful signal’. With the digital 
encoding of analogue signals, known as pulse 
code modulation (PCM), music becomes 
digital information like any other as far as 
the microprocessor is concerned. This is 
made possible by analogue-to-digital con- 
verters, Fast and powerful microprocessors 
handle this information in various ways: 
computing, storage, shifting back and forth. 
Since, to put it simply, computers do not 
make mistakes, the quality that goes in has 
to come back out; and that means without 
defects and distortion. Faults created in 
other ‘departments’ such as signal trans- 
mission by radio and cable or during storage 
on tape or disk, can be corrected. 

These advantages which have been exploited 
for a long time in commercial telecommuni- 
cations are now becoming accessible to 
audio systems. The final result will be a 
fully digital cascade: from the microphone 
in the recording studio, right up to the 


loudspeaker in the living room. 
A/D 
onverter 
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PCM cassette recorder 


Tape and disk 


It all started with the video recorder which 
evolved into a digital tape recorder, thanks 
to the PCM adapter. At present this is still 
the most widely psed digital audio equip- 
ment available, but the scene is changing 
rapidly. . 

The digital audig disk is now with us. The 
Compact Disc; which is a development of 
the ‘Laservision’ video disk, provides one 
hour of stereo with a signal-to-noise ratio of 
> 90 dB, channel separation > 90 dB, 
distortion factor <.0.01%; wow and rumble 
are zero. See table 1 for a comparison: 
Signal-to-noise ratios of the components 
involved in a VHF radio transmission, 
including studio equipment! 

The video recorder with PCM adapter as a 
recording and playback medium is only a 
temporary solution which is unlikely to 
survive for very long. One reason is that 
digital cassette recorders (both video and 
audio), are already in development and some 
Japanese manufacturers have already pres- 
ented or announced their prototypes. In fact 
cigarette sized video recorders are already 
available in limited numbers, These PCM 
cassette decks use the well-proven compact 
cassette. In any case, vertical heads and longi- 
tudinal recording are employed, as with a 
normal cassette recorder. To begin with they 
will have up to 18 parallel tracks and a tape 
speed of 9.5 cm/s, which is twice the present 
standard. However, a study of the develop- 
ment of the head and tape technology used 
in video recorders (figure 1) allows one to 
draw the conclusion that it will be possible 
to record PCM signals in ‘compact disc 


Table 1 Microphone 70—75dB 
Mixing console 60 —70dB 
Studio tape unit 54 —58dB 
Record player up to 70 dB 
Direct-recording disk 72—76dB 
Modulation line 60 — 66 dB 
VHF transmitter 60 — 65 dB 
Hi-fi stereo tuner 60 —65dB 
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quality’ on a compact cassette at the 40m 
standard tape speed of 4.75 cm/s. This will 
involve the use of special heads for so-called 
vertical magnetisation with only one, or 
possibly two, tracks per winding direction. 
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Operation of digital cassette decks is con- 
siderably simpler than the analogue type. 
The many ‘mimics’ for recording level, 

premagnetisation, equalisation character- 
istics, noise suppression is dispensed with. 


Digital stereo radio 


The present FM transmission system in the 
VHF region as far as audio quality is con- 
cerned leaves a lot to be desired. 

Some thought has been given to the possi- 
bility of digital audio-signal transmission in 
the VHF region, without changing the 
standard bandwidth. A change in trans- 
mission standards for VHF transmitters 
seems very improbable, on account of the 
question of compatibility with the millions 
of existing VHF receivers. The first step will 
therefore be digitisation of the VHF tuner, 
as is already the case with digitisation of the 
signal processing in television sets. The only 
part of a receiver that will still use analogue 
techniques will be the tuner. Demodulation 
and stereo decoding will be performed by 

a digital processor. It can be expected that 
this technique will improve the receiver 
with respect to distortion factor, noise and 
channel separation. Digitisation also helps 
to eliminate interference caused by multi- 
path reception. Quality problems, however, 
will still be found at the VHF transmitter 
and modulation lines, Stereo radio 
programs may soon be available via satellite 
transmission, community aerial systems or 
wideband cable networks (fibre-optic 
cables). A single 12 GHz satellite channel 
with TV bandwidth can carry up to 16 
stereo radio programs, and a single TV 
satellite has five of these TV channels. 

The PCM tuner required for reception of 
these digital radio transmissions will then 
finally be the ‘real’ digital tuner, which will 
offer its owner the audio quality of the new 
digital era, together with every conceivable 
refinement (gimmick), such as voice- 
actuated command input. 


Digital amplifiers 

The digital amplifier of the future will 
consist of a fast signal processor which, with 
software support, will replace all classical 
controls such as volume, balance and tone, 
and a switching output stage. The latter will 
be in class D, better known as a PWM 
amplifier. The processor will perform the 
conversion from PCM to PWM. On account 
of the problem presented by spurious 
emission from switching output stages, it is 
likely that the amplifier will be installed in 
the loudspeaker box (active box). The future 
will also provide a solution for loudspeaker 
cables: fibre-optic cables. Of course, digital 
fans are not satisfied with the analogue PWM 
output stage (the information is contained in 
analogue form in the pulse width). They are 
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dreaming of a digital-to-analogue power 
converter as an output stage. 


The missing links: digital loudspeakers 
and microphones 


The analogue technique still seems to be 
the only one available for the beginning 
and the end of the audio system: no digital 
principle has yet been presented for micro- 
phones and loudspeakers. What is even 
worse is that the microphone preamplifier 
is also analogue and decisively affects the 
signal-to-noise ratio of the digital audio 
signal. A consolation is that analogue ampli- 
fiers are available with a signal-to-noise 
ratio of 100 dB. 


The weak points still remaining are the loud- 
speaker, the room and listening habits (and 
facilities) of the consumer in his own four 
walls which are more or less permeable as far 
as soundwaves are concerned. The dynamic 
range of 85, 90 or more dBs offered by the 
signal is defeated here. Perhaps dynamic 
compressors (digital, of course) will become 
popular because the maximum volume that 
is practical in a living room prevents the 
listener from hearing the quiet music pass- 
ages! 


The real future: music semiconductors 


Almost all the components indicated in 
figure 2 can already be found in develop- 
ment laboratories. This includes, for 
example, the laser disk which can be used 
for recording and playback, and which could 
become a competitor to the digital cassette 
recorder. The real future lies in semi- 
conductor music memories. RAM and ROM 
instead of disk and tape. 


Figure 3. The ever 
increasing number of 
functions per chip. 
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Page extension for the Elekterminal 
Elekterminal width extender 
High-speed readout for the Elekterminal 
These are some of the extensions that were added to the Elekterminal since its introduction (1978), 
Now the ELEKTERMINAL becomes an elekterminal. Continuing with the series of extensions, this 
article presents lower-case, special characters and as a matter of interest, the umlauts for German and 
other languages (4, 6, ii). 


lower-case 
and special 
characters 
on the 
Elekterminal 
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The Elekterminal was originally developed 
as a refinement for the "78 BASIC computer. 
ThisSC/MP BASIC system has a Tiny BASIC 
interpreter which can only handle upper-case 
and is relatively slow. Recent computer 
systems, such as the Junior System with 
BASIC Version 3.3 make greater demands 
of a terminal, 


Change of IC 

The character set of the Elekterminal is lo- 
cated in ROM IC11 = RO-3-2513 CGR-001. 
A total of 64 ASCII characters can be dis- 
played in a 5 x 7 matrix with this character 
generator. So far these 64 characters have 
only been upper-case, with a few ASCII 
special characters. 

Conversion to upper-case and lower-case is 
mainly achieved by replacing IC11 by a type 
2716 EPROM. This IC must be programmed 
according to the hex dump in table 3 in 
order to contain the codes for displaying a 
total of 96 ASCII characters, 


+ 1 bit 

In order to display 64 ASCII characters the 
screen memory merely requires a width of 

6 bits (2° = 64). For 96 characters, however, 


an additional bit is needed. Since this bit 
must also be stored, another 1024 x 1-bit 
memory IC must somehow be accommo- 
dated on the printed circuit board. More- 
over, after readout from the RAM area, this 
seventh bit must be buffered, Since IC9 only 
has space for 6 bits, a TTL IC is required in 
order to solve the problem. 

Thus three new ICs are needed to display 

96 characters: a 2716 instead of the old 
IC11, an additional RAM IC of type 2102A4 
and a flip-flop from a 74LS74. 


Lack of space? 

Where can the three ICs be accommodated? 
For the 2102 the answer is simple: this IC is 
simply soldered onto IC4 in piggy-back 
fashion, except for pins 11 and 12. Before 
soldering, these two pins are spread and later 
wired to the other ICs, 

The best solution for the 2716 and the 7474 
is to place them on a small perforated board, 
This additional board is soldered to the main 
board instead of the former IC11, using stiff 
wire, 

Pin 12 of the additional RAM IC is con- 
nected to pin 2 of the 7474; pin 11 is con- 
nected to point B5 on the board (see circuit 
diagram in figure 1). 
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Software 


The EPROM contains two complete 
character sets: one is the German-English 
set and the other is the standard ASCII 
character set. 

This is necessary because if the German set 
is used it means that some special ASCII 
characters must be omitted. Some 
computers need these special characters. For 
this reason, pin 19 of the EPROM can be 
used to switch to the international character 
set. 

Table 1 shows the relationship between the 


ASCII code, internal Elekterminal code, 
absolute EPROM address and the corre- 
sponding characters, 

Table 2 shows the locations for the German 
characters, just in case you need them. 


Keyboard 


There are no problems in connecting a 
standard ASCII keyboard or an ASCII 
keyboard with German characters to the 
extended Elekterminal. 

The situation is somewhat different, 
however, when using the Elektor ASCII 
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Figure 1. The extended 
Elekterminal. We have 
added RAM IC 2102, 
the flip-flop (1/2 7474) 
and a type 2716 EPROM. 
This replaces 1C11. 
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ASCII-Code | Internal Code | EPROM address | ASCII character 


Table 1 
00 — OF 40 —4F 
10 —1F 50 — 5F 
20 — 2F 60 — 6F 
30 —3F 70 —7F 
40 — 4F 00 — OF 
50 — 5F 10 —1F 
60 — 6F 20 — 2F 
70 —7F 30 — 3F 


Table 1, This table shows 
the relationship between 
ASCII codes, internal 
ASCII code (bit 6 
inverted), the absolute 
EPROM address and the 
character displayed. 


Table 2, By switching 
between the international 
and German ASCII 
character set, either 
special characters or the 
German characters are 
selected for some ASCII 
codes. 


Table 3. The EPROM must 
be programmed according 
to this listing. Two full 
character sets are con- 
tained in the hex dump 

— one with international 
characters and one with 
German characters. 


Literature: 
Elektor 11/78 
Elekterminal: 
ASCII keyboard 
Elektor 12/78 
Elekterminal: 
video interface 
Elektor 7/79 
Shift-lock for the 
ASCII keyboard 
Elektor 9/79 
Upper-case only with 
the ASCII keyboard 
Elektor 9/79 
Page extension for the 
Elekterminal 
Elektor 3/80 
Increased screen width 
with the Elekterminal 
Elektor 7/80 
‘High-speed’ readout 
for the Elekterminal 


200 — 27F ASCII 01 = Blank, rest free 
280 — 2FF free 

300 — 37F !to/ 

380 — 3FF Oto? 

000 — O7F @to0d 

080 — OFF Pto— 

100 — 17F ‘to 0 

180 — 1FF pto DEL 


keyboard intended for the Elekterminal. 
Two keys are missing from this keyboard, 
which are needed to supply the ASCII codes 
for all characters. The two keys can be 
added to the circuit board for the keyboard 
as shown in figure 2. The ©6/| key is con- 
nected to pins 21 and 32 of the keyboard 
encoder IC and the 8/~ key is connected 

to pins 22 and 32. 

The letters A and U can now be selected 
with the keys for braces and square 
brackets. 

To be able to switch conveniently between 
the German and internal character sets, the 
lead from pin 19 of the 2716 on the video 
interface PCB can be connected to an 
additional changeover switch or pushbutton 
with changeover contact on the keyboard. 


Table 2 


ASCII Code [ASCII character [German version 


7B { a 
5B [ A 
7c | é 
5C \ 6 
7D } i 
5D ] U 
7E ~ i 
5E w~ ~ 


7 bits for several pages 


With the Elekterminal with the 4-page screen 
memory (‘Page extension for the Elek- 
terminal’) memory space must also be 
provided for the seventh bit in the additional 
3-page screen memory. In this case three 
more type 2102A4 ICs are needed. 

As was the case on the video interface PCB, 
these ICs must be soldered onto ICs 8, 14 
and 20 on the page extension in piggy-back 
fashion, except for pins 11 and 12. 

The three pin 11s are interconnected with 
insulated hookup wire and this lead is then 
connected to pin 11 of the additional 2102 
on the video interface PCB. 

The same applies to the pin 12s: the three 
pin 12s are interconnected and then con- 
nected to pin 12 of the additional memory 
on the video interface PCB. 

This terminates all modifications, extensions 
and improvements to the Elekterminal. i 


Table 3 


pose a0 


LCD digital capacitance meter 


The Metertech Model MT 301 is a low cost 
hand held digital capacitance meter. Bat- 
tery operated with a bold 0.5" 3% digit 
liquid crystal display permitting a wide 
measurement range from 0.1 pF to 
2000 uF across 8 ranges, Push button con- 
trols allow fast and easy operation whilst 
small size, robust construction and long 
battery life make the MT 301 truly port- 


fi MeTeRTECH 
DIGITAL CAPACITANCE METER 


able. Supplied complete with battery, 
alligator test clips, spare fuse and instruc- 
tion manual. Priced at £69 with a deluxe 
protective case available as an optional 
extra for an additional £6. 


Centemp Instrument Co., 
62, Curtis Road, 
Hounslow, 

Middlesex, 

Telephone: 01.894.2723, 


(2522 M) 


Microscribe 


has launched what is probably the lowest 
cost and smallest general purpose com- 
puter terminal available on the market, 
Developed and manufactured in the UK, 
the Microscribe terminal is designed pri- 
marily as a desktop information retrieval 
tool, It can be used with any host com- 
puter, peripheral or network utilising the 
industry standard RS 232C serial interface 
at speeds up to 9600 Baud whilst sup- 
porting XON — XOFF protocol, 


1-60 


Terminal Technology, of Newport, Gwent, 


Weighing 500gms and measuring only 
190 x 140 x 26mm, the Microscribe has 
an ergonomically designed full QWERTY 
keyboard with a single line alphanurieric 
LCD display of 16, 32 or 40 characters. 
The 8.7mm high characters are formed 
from a 5x11 dot matrix to give upper 
and lower case with true descenders, 
Special graphics with an underline cursor 
are standard features, 

The basic onboard storage capability of 
160 characters can easily be expanded to 
32,000 by the simple population of in- 
ternal RAM. A memory protect feature 
keeps als data stored in RAM intact for 
1,000 hours even when the rechargeable 
batteries are fully discharged. A cassette 
port allows for the transfer of unlimited 
amounts of data to and from ordinary 
cassettes or indication mini-cassettes. 


The terminal is microprocessor based, with 
an elegant software routine that enables a 
dual operating mode to be selected via the 
keyboard. These modes are application 
oriented and enable the terminal to be 
used in either ‘engineering’ or ‘executive’ 
type environments, The engineering mode 
allows the user to capture and view all 
128 ASCII characters, including control 
codes, whilst in the executive mode the 
terminal functions as a standard VDU, 
Both NMOS and true CMOS versions are 
available to offer the user low cost or port- 
ability, with’ a battery operatéd version 
giving typically three to four weeks use 
between charges. A fully automatic con- 
trast control enables high legibility and 
wide viewing angles to be maintained 
despite variations in voltage levels. 

The software controlled keyboard uses 
conductive elastomeric technology and 
features full travel switches with excellent 
tactile response and selectable audio 
feedback, 

An unusual feature of the terminal is the 
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interactive set up procedure where the dis- 
play prompts the user to set up the ter- 
minal’s communication and operational 
Parameters, and then accepts and retains 
the redefinition via keyboard commands. 
The basic farnily of terminals will be fol- 
lowed in the very near future with an 
intelligent version containing a resident 
high level language, transforming the ter- 
minal into a powerful, portable com- 
puter, and a version dedicated to word 
processing, 

Terminal Technology, 

Clarence House, 

Clarence Place, 

Newport, 

Gwent NPT 7AA. 

Telephone 0633.214128/9, 


(2515 M) 


Mini Buzzers 


Suitable for fire alarm, gas and fire detec- 
tor, measuring automatic controlling de- 
vices, radio communication and numerous 
consumer product applications, the Murata 
piezo electric buzzer features high sound 
pressure with low power level, clarity of 
sound, small size and, light weight, high 
reliability and no noise dye to the absence 
of contacts plus low cost. A full technical 
manual giving comprehensive information 
on the Piezo Electric Buzzer and its 
various applications and benefits is avail- 
able from HB Electronics, 

HB Electronics, 

Lever Street, 

Bolton BL3 6BJ. 

Telephone: 0204,386361, 


(2518 M) 
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CENTRONICS 737 printer. Per- 
fect, unused at a fraction of the 
new price. £300, o.n.0. Tel: 021, 
705,8459, evenings. 


WANTED dual beam oscilloscope 
min 5MH3 in good working order. 
Max price £55, 

J. Barrington, 

25 Haslemere Gardens, 

London N3. 


ELEKTOR Piano 5 Octave SKA 
Kbd £ 225 ono. Watford Rhythm 
Generator £50 ono, Elektor 
Digital Delay £90 ono. 1 
Extension Board. Dr. W.J. Philips, 
20 Barcheston Road, Knowle, 
Solihull, West Midlands B93 9JS. 
Tel. Knowle 78488 


T159 with PC 100C little used. 
E/E Library Module Magnetic 
cards Coding Pads, Full Documen- 
tation, First £ 250 secures. L.W.F. 
Bowen, 110, Lowther Street, 
Penrith, Cumbria CA11 7UW. Tel. 
0768 62693 


2x100 Watt SPEAKERS hardly 
used. 8 ohms 12 inch. £20 each 
or £30 for both. Also 3 Shugart 
Drives 5% inch. £80 each David 
Barnes, 76  Corkerhill P1., 
Glasgow G52 IRD. Tel, 
041 883 1744 


PAIR of JENNINGS 61 note C-to- 
C keyboards and 2 octave pedal 
boards with sundries: £120, will 
split. Tel: 0634-40464 (Newbury). 


WANTED books on the prin- 
ciples/applications of ultrasonics. 
Also wanted: 40 kHz to 25 kHz 
transducers cheap, Tel: 0742- 
311191 after 4 pm (Sheffield). 


PYE POCKETPHONES wanted, 
prefer RBO. Sale FDK Multi 
750E £250 Mr, P.K. Djali, 26 
Brooklands Crescent, Fulwood, 
Sheffield SIO 4GE 


ELECTRO-TECH Low Noise 
Stereo Cassette Deck kit with 
drive mechanism and_ finished 
case — 80% built. Good value at 
£25. K.Y. Chang, 70, 1-up, 
Asley Street, Glasgow G3 6HW. 
Tel. 041 332 7695. 


FOR SALE Junior Computer 
with Power Supply and books. 
Perfect working order £60. 
Phone Orpington 34982. 


ELEKTOR TV Games Computer, 
built + joystick, both with case. 
£150 ono. Tel. 01 459 4653 
evenings. Attn, Esan. 


Sailor (Danish) 26D Marine TX, 
2MHZ 11 channel, hybrid, QEO5/ 
40's output. Good condition £ 45 
ono, + carriage. L.A. Wilkinson, 
2 Cragside, Lower Contour Road, 
Kingswear, Devon TO6 OAL. 


TV8 channel touch tune with 
infra-red remote control circuit 
diagrams and construction details 
£3.75. Mr. B. Ewan, 16 Fair 
Acres, Harwood, Bolton BL2 3NT. 


WANTED: Mint copy machine — 
VIC20 or Sinclair Spectrum/ 
ZX81 Also IBM, DEC, Sirius or 
Osborne PC with accessories. 
R. Skoglund, N-2353  Stavsjd, 
Norway. Tel. +47 65 52 193 


WANTED: Small quantity ‘’C” 
Cores 100 W to 350 W for Audio 
PA transformers for PA ampli- 
fiers. H.E. Enfield, Springtime”, 
Withies Lane, Midsomer Norton, 
Avon BA3 2JE. Phone 412058. 


WANTED: Oscilloscope, dual for 
single beam, must be in good 
order, reasonable prices please. 
Mr, A, McBride, 70 Larch Drive, 
Greenhills, E, Kilbride, Glasgow, 
Scorland, 


NEED Jackson Bros, Ball Drive 
with Rim Drive Output Shaft, 
single hole mtg. Have Collins 


Mech, Filters to swap. David 
W. Burns, 4109 Queen Mary 
Drive, Olney, M.D., U.S.A. 
20832 


UK101 — 32x48, Cegmon, 8K, 
Res. Basic 4; 5, TK1T2, Codekit: 
Forth, as SMB, Exmon, Games on 
tape + books. Smart case, Cost 
£550 — £ 200.Tel. (0252) 54739. 


al | 
I'd like to buy Pr. Specs, Manuals, 
Appl. & Software notes on 
NS INS 8073 & ZILOG Z8671 
(CPU's W. BASIC-Debug Inter- 
preter). Blazimir Mise, BScEE, 
Jurija Gagarina 42/25, YU-11070 
Novi Beograd, Yugoslavia. 


TEKTRONIX 535A Oscilloscoop 
with 1A2 plug in. Good condition. 
Would swap for smaller Scope, not 
working considered. W. Joughin, 
22 Birch Dale, Hythe, Southamp- 
ton. 


WANTED Scope tube no. DG7-32. 
Please ring 623270 (Halton), 
6 Rosemead, R.A.F. Halton, 
Aylesbury, Bucks. 


FREE SPRUNG STEEL WIRE 
for polystyrene cutter 14 pin 
IC sockets 10—£1.20 + SAE. 
| am looking for a CB set cheap. 
D. Martin, 6 Downland Gardens, 
Tattenham Corner, Epsom, 
Surrey. 


ELEKTOR 16K RAM + EPROM 
Progr. + Super Board 2 + loads of 
extras — offers? Ring 0727 59397 
evenings. 


BASIC Micro (79075) £40. 4K 
RAM card £80 both for £ 100; 
both fully = functional, with 
PSU and case add £25.Mr.L. 
Biddulph, 7 Albemarle Gardens, 
Gt. Bradfords, Braintree, Essex 
CM7 6UQ. (0396) 43308. 


TELETYPE KSR33 v.g.c. PSU for 
1/F included £ 55, Also PSU's 5V- 


30A (small), 15V-7.5A Twin, 
5V-20A, +—15V-3A Triple. £40 
each. Phone Milton Keynes 
582702. 
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@ Private advertisers only. No trade, no 
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e@ Full address or private telephone number; 


no post office boxes. 


© Items related to electronics only. Software 
only when related to Elektor computer 


systems. 
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including address and/or telephone number). 
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any correspondence or transaction as a 
result of a ‘switchboard’ ad, nor as a result 
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Elektor switchboard, 


be post-marked within the 
month indicated. 


All advertisements must include the 
voucher printed here. They must 
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33 
electronic games 


A selection of circuits which give 

as much enjoyment in building them 

as actually playing the games. The cir- 

cuits are fascinating although the elec- 

tronics involved are not complex and 

therefore anyone with a good soldering 

iron will find this book satisfying. These are 
electronic games that do not need a TV screen, 
and as a result can be played just about anywhere. 


Please use the Order Card in this issue 


elektor 


Elektor publishers Ltd. 
Elektor house 10 Longport 
Canterbury CT1 2BR 
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new books from elektor 


- 301 circuits 


The book follows the theme, and is a continuation 
of our popular and very successful 300 circuits 
publication. It is composed of 301 assorted 
circuits ranging from the simple to the more 
complex designs described and explained 
in straightforward language. An ideal 
basis for constructional projects and a 
comprehensive source of ideas for 
anyone interested in electronics. In 
a nutshell something to please 
everybody. 


Please use the Order Card in this issue 
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CRICKLEWOOD-STOCKING PARTS OTHER STORES CANNOT REACH! 


% THE LAZY WAY Phone your order through on Access, Barclaycard, Visa or American Express 
for immediate service; no extra charge, no minimum order. 
% THE TRADITIONAL WAY Send cheque, PO or credit card number. Cash not encouraged but 
accepted (no coins please), All in stock items shipped same day. 


tems not fully covered on this list include: OPTO: 7 +09 LEDs, LCDs, bezelled LEDs, Lamps, Lampholder 
1% ineh, slow or quick blow, Fuseholders. CONNECTORS: DIL, DIN, Phono, | mm, 2 nm, 4 mi 
Plastic, Aluminium, Anodised, Collet, Pointer. SWITCHES: Togal 


‘Analogue, Test and Panel. TOOLS: Pliers, Cutters, Strippers, Trimmers, Cable Cutters. And much, much more 


‘Al in-stock items (ths 


95%) posted some day. OFFICIAL ORDERS FROM SCHOOLS, GOVT. 


FUSES: 20mm, 


Bulgin, USA, LEC. KNOBS: 
Biased, Rocker, Rotary, Slide, OIL, Push. METERS: LCD, 


DEPTS ETC. WELCOME, 


OVERSEAS ORDERS WELCOME (CWO + ADEQUATE POSTAGE) QUANTITY DISCOUNTS BY NEGOTIATION. 
CRICKLEWOOD ELECTRONICS LTD, 40 Cricklewood Broadway, London NW2 3ET, Tel: 01 4520161, Telex: 914977 


THYRISTORS 
Sensitive Gato 
‘Small Signo! 
15060 


BRYS5-300 
BRYSS 
Tic44 
T1C47 


TICIOGA 46p 
TICI06B 47p 
TICIOGC 48p 
TIC106D 59p 
TICIO6M 68 


TICHBA 689. 
TICH168 689 
TICHC 71 
TICI16. 73p 
TICHI6M 80p 


TICI26A 72p 
T1G1268 72p 
TICI26C 73p 
TIC1260 7p 
TICI26M 96p 


SIEMENS 
THYRISTORS. 
1.2amp plastic 

Bist BO106 (100V) 


fs 80113 20001 
70p 
31 80146 7000) 
a 


4.7 amp plastic 
851 80206 (100V) 


809 
‘8st 80213 (200V) 
1.10 
Bst 80246 (700) 
2.00 
TY Thyristors 
\2Naaaa” “1-80 
|BT101-500R 1:40 
BT106 1:50 
BTN16 Uso 
TICHeM 
aris 
81120 (1.60 
era) 130 
81139/600 , 2.60 


TRIACS: 
Toxas 400V 
10220Cose 
TIC206014A) 66 
TIG225D16A) 74p. 
TICZ26018A) Bop 
TIC236D112A) 
1.16 
TIC246D116A) 
1.22 


4.70 


T1€2630(20A) 
4.90 

T1C2630(25A) 
2.1 


‘Other Tries 


2N5766 (TOS 
2N6185(TO127) 
39 


40432 (Quedrac) 
2.23 
40486 (TOS) 1.65 
40512 270 
40576 (TO86) 
3.33 


40842 1.92 


bioveEs. 
IN34A 
182 
1823 
snot 
1NOI6 
11190 
antig2 
11194 
ANTI944, 
INII96A, 
1NI1984, 
1NI2014, 
1N12008, 
1N1208 
13063, 
13065 
13492 


13493, 
13493, 
13602, 
13604 
13766 
13768 
1N3768R, 
414001 
44002 
14003, 
14004 
1N4005, 
114006 
114007 
114009 
1Na148, 
1N4180 
1n4aag 
14517 
15172 
16176 
11N5400 
15401 
1Ns492 
15403, 
1N5404 
1N54O5 
15406 
1N5407 
1N5408, 
15024 
1N5625, 
1N5626 
15627 
1844 
18131 
18134 
18421 
1s421R 
1940 
18941 
18961, 

AANO. 

‘AAI29 
‘AAG 
AAY3O 

AAYS3 
Wa 
BA100 
BAI02 
BANS 
BAISS 

BAI3B 

BAIa2 

BAIaa 

BAISS 

DAISS 

BAIa2 

BA201 

8A202 

BASIE 

BAST 

BARB 

BAVIO 

BAVIO 

BAV20 

BAVaS 

BAXIS 

BAXI6 

BAYSB 

BAYaa 

BAYOS 

861038 

881036 
881048 

861046 
88105 
BBI05A 
881058 
881096 
BY126 

By127 

Byi34 

ayi82 
BY 188A, 

BY206 
8207, 

BY223, 

BY207, 
8Y209 
BYW1¥-800 1.40 
BYW11-1000 

2.00 

BYW12.100 1.30 
BYW12-200 1.40 
BYW12.400 2.00 
BYXI0 —36p 
8YX50-200R 

2,00 

BYXS5:350 62p 
BYX71-350 1.10 
BYX71.600 1.52 

15 
109, 
109, 
18 
27p 

1.80 
70p 
209 
109 
10p 
20p 
209 
20p 
75p 
75p 
85p 


mzz361 
AIO 
oad? 
‘0A90 
Agi 
OA95 
0A200 
A202 
RASSOBAF 
8PD9000 
'sP09002 


amp type 
Square with hole 
8011100) 37 
$302 (200)  40p 
$04 (400) 40p 
$08 (600) 55p 


BRIDGE 
RECTIFIERS. 
(PIV shown in 

brackets) 
amp type 

wor (1 

‘woe (200), 

‘wos (400) 

‘woe (800) 


Bamp type 
Square with hole 


20p 
280 

a 
40p 


PW! (100) 
‘woe (200), 
wos (400), 
Pwo6 (600) 


50p 
3 
0p 


25amp type 
Metal clad with 


hol 
KO1 (100) 2.20 
K02(200) | 2:30 
K04 1400) 2.80 
06 (600) 3.40 
Proprietory 
Bridgo 
B40C1500 
188063700 

BY 164 

By179 


ZENER DIODES 
400-500 mW 
24 Series 
24a7V" 8p 


1.3. Wat 
£24 Series 
3.3:82V 1p 
2.5 Wart 
E24 Series 
7575V. 1.10 
‘SW wire ended 
following 
voltages only, 
3V3, 3V6, 4V3, 
V6, 7V! 


Following 

voltages only. 
7V8, 13, 18, 20, 
24, 37, 30,93, 
68, 821 91, 100, 
110 1.25 
20W Pos. Stud 
(8293 serios) 
E24 valu 
N578V 2,00 


i 
ELECTRONICS 
25777 78p 
2N5778 88 
2N5779, 
4N25 
BP 100 
BPIO4 
BPXI5, 
BPX?9 
BPxiB 
BPXG0 
BPX6) 
BPX63 
BPX79 
BPX86 
caxi3 
cox2a 
€ax33 
LO0A 
LO36A 
LO37A 
{OS2A 
LOS6A 
LOS7A 
Los2c 
LOs6C 
Los7e 
COB0A 
LO86A 
{OB7A 
toa? 
0271 
O46 
Lo46s, 
0468 
coat 
0476. 
coa7e 
co479 
Lo48 
Loass 
Codes 


Sebsasssesss: 


SSSSSEET SSS 


BapeSasueaseay. 


TH228 
TH312 
THIS 
THLao) 
THL403 
THL406 


NEW oPTO 
DEVICES 


ine, Superbright 
see next column. 


POWERFET 
‘AMP MODULES 
FROM. 
PANTECHNIC 
now available 
from LONDON. 
Send 

15.00, for 


specs. 
PFA100 16.00 
PFA200 22.65 
10,000 mF 


B0V 4.10 


D. CONNEC. 
TORS 25 WAY 
Solder typo 


Angled PCB 
M 


DEVICES. 
Now LEOs 
Now in stock 
Reed 
G = green 
Y= yellow 
Large diffused 
1+ 50+ 
R50 9p Tp 
GSD 15p 120 
Y5D — 16p 12p 


‘Smal dittured 
R20 Bp op 
G20 129 10 
¥20 129 10, 
Micro 0.17 

AID 25 
GIO 2%» 
YiD 2 


Bp 
Bp 
2p, 


Tonge clear 
REC 1p 10p. 
GSC 1713p 
Y8C 7p 139 
Super bright 
Large 1100 

times brighter) 
RSU 8p 29p 
GSU ap 4p 
YBU 2p 4p 
Tiveolour 

at 

RGYE 6p 709 


LINEAR ICs 
AY3.0215 
‘AY1-5050 
‘AY15050 
AY1-1270 
‘AYS-8910 
‘AY3-8912 
AY5-2376 
‘cA3000 
A300) 
‘CA3002 
CA3005, 
‘cAI007 
CA3010 
CAIOIZ 
CAI0NS 
CA301a 
CAIOIS 
CARON 
CA3OIBA 
©AI020 
CAIO20A, 
cA3021 
A302 
CA3026 
CA20280, 
cA30288 
A020 
CAIO300 
CA3033 
CAI034 
CAI036 
CA3039 
A308 
CA3042 
CAI083 
CAI046 
CA3047 
CA3048 
CAI049, 
A305 
CA3081 
CA3052 
CAI053 
CAI054 
CAI059 
CA3060 
CA3062 
CAI0656 
CAI068 
CAIO70 
CAI071 
CAIO7S 
CAI076 
cAgo7sr 
CAI080 
CAIOBOA, 
CAIOB0E 
CA30BI 
CAI0B5 
CAI0B6 
CA30BNE 
CAI090A0 
CA3I30E 
CA3130T 
CASIA0E 
CA3140T 
HAI366W 
HAI388 
17106 
Ie7107 
ieLg038 
IcM7555, 
7120 
tc7130 
Lo7137 
Lr3a7 
L351 
L363 
C365 
LR38G 
Lea67 
13201 
cr13331 
ceiazain 
cri3741N 
cAOcH 
{MICH 
tM 
Mg 7K 
{M01 AH 
CMSOTAN 
LM305AH 
CMRO5H 
Mao7H 
tMgo7N 
LM3OBAH 
CMQOBAN 
LM30BH_ 
MgOBN 
CM309K 
LM310H 
CM31ON 
M31 1H 
UM3t1N 
(M317K 
(Mai 7MP 
cM3iaH 
cM318N 
{M319H 
319N 


Seasheresesssesse 


Regulators 
LMI24N 29» 
UM337K 4.75 
LM337MP 1.65 
(M3377 1:99, 
LM339AN 1.60 
{CM339N- 47p 
{M340 — See 
78XX Series Volt 
Regulators 
LM345K 
ctwaaan 
tMgaon 
CM360K 
CM359N 
CM360N 

M3 76N 
[M377N 

{Mg 78N 
M3798. 4.79 
LM3B0N14 75p 
LM3BONS 1.50 


LMBIAN 2.26 
LMSBIN- 1.40 
EMB2N 1:12 
cNM3837 3.40 
CM3B4N 1.40 
EM386N) 889 
CM386N4 1.20 
CM3B8N 2.43 
EM391N6O 1.70 
CM391NBO 1.93, 
LM92N- 76p 
LM393N 969. 
CM394H 3.80 
CMg96K 13.52 
LM709NB Gap 
tM709CH 

cM710cH 

cM710CN 

LM711CH 

cM7iicN 

cM723cH 

cM723CN 

cM725CH 

EM725CN 

cM733cN 

cM7a1cH 

CM741CN 15 
LEM741CN1480p 
LM747GN 69p 
cM7aacH 

LM7aacn 
EMI303N 
CMN30aN 
CEMT305N 
can307N 
CMI310N 
(Mi330N 
M1458, 
a1496 
M1800 
CMigot 
cngi2 
cMieie 
M1820 
C628 
CM1B30 
cies. 
cigas 
M1850 
cana7) 
twg72 
CAM1686 
cnngeo 
2007 
cM2007NB- 
M2017 
cM2017Ne 
M3524 
tMaz01 
M3302 
cMs401 
{M3404 
M3405, 
EM3900 
EM3905 
M3909 
cMgon1 
M3914 
M3915, 
M3916 
tMa2socn 
En4250N 
L413600 
mag712 
183786 
88719 
463200 
M1303" 
M1303 
MCr308 
UM 304N 
C1305» 
{LM1305N 
Me1307= 
LM1307N 
C1310» 
LMI3010N 
NC1330° 
LMI330N 
m1362 
clase 
MC1458° 
L458 
merase. 
crags 
M1496" 
UNi1496 
me3340 
Mc3401 
(M3401 
Nc3403: 
M3403 
tc3405: 
Laia4os, 
NESIIN 
NESA3N 
NESAaN 
NESS, 

NESE 

NESSB 

NESGO 

NES62 

NESSES 

NESGS 

NESG? 

NES70 

NES71 

NES534 
PLLOZA 
PLLO3A 
Aca136 
86568 

SAD1024, 
SASSGO 
8AS870 
SAS580 
8AS890 
SFF96364 
SL610C 
sug11c 
SL6126 
St620¢ 
SL621C 
SL623¢ 
SLB306 
Stga0c 
SLB41C 
8N76001N 
SNN76008 
SN76018 
SN76003N 
SN76013N 
SN7023N« 
SN76033N 
SN76033N 
SN76110 
8N76115 
SN76116 


peers 


TAT205, 


TA7222 
TATBI0 
TAA263 
TAA300 
TAA320 
TAA350 
TAAS21 
TAAS22 
TAASEO 
TAASGO 
TAASO. 


TAAGGIA 
TAAGGIB 
TAAT00 
TAAQSO 
TAA9308 
TAASTO 
TAA9010 
TAD100. 
TBAI0AS 
TBAI31 
TBA341 
TBA39S 
TBAI96 
TBAAEO 
TBAAGO 
TBAS0O 
TBA5000 
TBASIO 
TBA5100 
TBAS20 
1BA5200 
TBAS3O 
TBAS00 
‘TBAS4O 
‘TBAS400 
‘TBABSO 
TBABEOO 
TBASBOC 
TBABIO 
‘TBAS700 
TBASB 
BABA) 
BAGS! 
TBAG?3 
TBAI00 2.38 
TBA7000 2.47 
TBAT20AQ 2:60 
TBA7EO 
‘TBA7600 
TBAI9OA 
TBABOO 
TBABIO. 
TBAB20 
T@A2OM 
TBA920 
T@A9200 
TBAGEO 
TBAQIO 
‘TBA9900 
TCANOS 
‘TCALOC 
TCA220 
TCA270 
TCAa40 
TCAASO 
TCAGAO 
TCAGSO 
TCAGGOB 
TCAT30 
TCAT4O 
‘TCA7S0 
TCAT6O 
‘TCAB00 
‘TBAB000 
TCAB30S 
TCAMI0 
TCAMAO 
TOA002 
TOA1003 
TOALO0S 
TOA 3.94 
TOAIOIOA 1.79 
TOAIO22. 
TOA1024 
TOAIO4 
TOA2020 
TDA2030 
TOA2822 
TOA2530 
TOA5A0 
TOA2541 
TOA2560 
TOA2571 
TOA2581 
TOA2690 
TDA2591 
TDA2600 
TOA2610 
TOA2611A 
TDA2640 
TOA3000 
T1081 

71062 

T1064 

TLo71 

‘rL072 

To” 

TLoaL 

TLoB2 

L083 

‘Thosa 

TL170 

T1490 
UAAI70 
UAAIB0 
ULN2003, 
urcs75ca 
uPct 156 
R2206, 
ZNa14 

2Na19 
21034 
2N1040 
21K22 

21K33 


an 
3:00 
1.90 
418, 


%& THE IDEAL WAY Call in and collect. We are on the main Edgware Rd (AS) just 13 miles from 
Staples Corner and approx 3 miles from Marble Arch. 
VAT Please add VAT at the current rate to all orders except books. VAT not chargeable abroad. 
POST, PACKING & INSURANCE Standard small order charge is 70p (more for heavier goods) 
Export orders minimum £1.50. 


mar 
74142 
7443 
maa 


74187 
74159 
74160 
761 
74162 
74163 
70168 
74165 
74166 
74170 
70172 
70173 
70174 
74175, 
70176 
main 
74478 
74180 
mar) 
70182 
7ayB4 
74485 
74186 
74188 
74190 
74191 

74192 
74193 
7194 
74195 
74196 
74197 
74198 
74199 
70221 


489 
48p 


5p 


7AL8 TTL. 
74800 1p 
74US01 1p 
7aLso2 1p 
74LS803 2p 
7ALSo4 2p 
74LS05 — 12p 
74LS08 2p 
74L810 129 
7aUSt) 2p 
7aLS12 2p 
7ALS13 19 
TALS — 0p 
74815 2p 
74U820 2p 
74521 Y2p 
74822 12p 
64L827 1p 
74U828 4p 
74L83012p 
74832 13p 
74833 14p 
740837 4p 
74.838 18p 
7aLS80 3p 
74L842 289 
TALSA7 35 
7ALsst 4p 
7aLs64 4p 
74L885 4p 
74LS73 18 
74Us7418p 
74LS75 0p 
74L876 209 
7487818 
74US880 1,20 
74Us83 6p 
740885 

7ALS86 
‘741890 
Taser 
741.393 
74L895 
74L896 
748107 
748109 
7408112 
7408113 
7atsiia 
7408122 


24 
259 
249 
399 
‘6p 
20p 
2p 
239 
229 
229 
36p 


74.8123 
7aLsi24 
7as125 
748126 
7418132 
748136 
7ALS138 
748139 
7a8145 
masa? 
masi48 
7asist 
748183 
7aLsisa 
7AL$155 
7ALS186 
7408187 
7418158 
7a 8160 
7acsiey 
7asi62 
7aL$163 
7acsi64 
788165 
7a.8168 
7a 8169 
748170 
7408173 
7408174 
7808175 
74cs18h 
7408183 
74.8190 
7acsi91 
74.8192 
748193 
7aL$194 
7AL8195 
7AL8196 
74.8197 
748221 
74.8240 
748241 
74S242 
748243 
7aLs244 
7408245 
748247 
748248 
748249 
748261 
74.8253 
748287 
748258 
748269 
74826) 
748268 
748273 
748275 
748279 
748280 
7408283 
748289 
748290 
74.8203 
7418205 
7418208 
748209 
748323 
748324 
7ALS925 
7418326 
7418327 
massa? 
7asaaa 
7a 8352 
748363 
7418362 
7418365 
7AL8266 
748367 
748368 
748373 
7408378 
748386 
7418390 
748303 
7418395 
7418396 
7a 3308 
7418399 
7aLsaas 
7418490 
TALSS40 
7aLssay 
7418640 
7aLseay 
7a S643 
7aLseaa 
7418669 
718670 
7418673 
7aLs674 
7418688 


748 TTL. 
74800 

74802 

74804 

74808 

74820 

74830 

74832 

74840 

74864 

74865 

74874 

74885 

74886, 

748112 
48113 
74s 24 
748132 
48133 
748138 
748139 
748140 
748153 
748187 
748163 
748174 
748175 
748188 
748189 
748194 
748200 
748201 
748225 
748261 
748262 
748287 
748288 
748289 
748301 
748470 
748471 
748473 
7asa7a 
748475 
748871 
748573 


seuseussessess: 


74H TTL 
74H00 1.48, 
THO 4 
74041155 
74HO5 1.58, 
7aH10 1.45 


BSSSoRRRESS 


T4L TTL, 
74.02" 4,00" 
7aU10 1.70 
mata? 
7474 
7485 
7AL86 
74193 
74198 


74 CMOS/TTL. 
74¢00 
7acoa 
74010 
74ci4 
74620 
74030 
74c42 
7aCa8 
7473 
74676 
74083 
74085 
74086 
74089 
74090 
74093 
74¢95, 
7acio7 
74cis1 
C164 
74C187 
74160 
7acie1 
7ac162 
740163 
7aci6a 
74C165 
740173 
7aci7a 
740175 
mci92 
74c193 
74c94 
740195 
74¢200 
7aca2 
74c901 
7aco02 
746903 
74c904 
74C908 
74907 
746908 
acon 
740012 
cor 
74018 
74co8 
74c9200 
74c922 
74¢923 
746925 
746926 
74¢928 
74¢929 
74C930), 
740932 


SBERESEs 


Series, substitute 
74 tor 40 
protix. 6g 

40107 = 74C107 


4502 
4503, 
4507 
4508, 
4510 
4511 
4512 
4514 
4515, 
4516 
4818 
4819, 
4520 
4521 
4526, 
4527, 
4628 
4592 
4534 
4836 
4538 
4539 
4543, 
4583, 
4555 


2100 
17.66 
3.50 


MEMORIES. 
2101 4.00 
2N02AL2 1.35 
211 3.00 
2114(200ns) 80p 


41183 
4164 
6204 
6116 
6514 
6810 
7489 
74189 
7A 8289 
7a si88 
7a8287 
745288 


SRRSS8aS: 


ZERO 
INSERTION. 
DIL SOCKETS 
24pin 4.90 
40pin_— 6.30 
LOGIC 16s 
including 
COMPUTER 
SUPPORT 
‘ADCOBO0 22.50 
‘ADCOBIG 14.90 
‘ADCOB1? 10.06 
‘AYS.2376 5.90 
1CM7555 0p 
INS1671 20.00 
INs1771 20,00 
INS1792 30,00 
C1466. 6.50 
C1488" 55p 
C1489 85p 
Me4o24 3.25 
Metoas 3.25 
§MK50260 10.00 
MK50398 6.95 
MMs303 6.25, 
MMS307 12.75 
MN6357_ 22.60 
MM57105 14.00 
MM57109 12.00 
'MM57160 9.00 
MMB7161 9.00, 


TMS6O1T 
ULB2003A, 
8726 
8128 
8195 
8197 
BILS9S 
81LS96 
BiLso7 


BRRBESSSS33 


‘ZB0ADART. 

8,00 
Z80ADMA 10.00 
Ze0aPi0 2.80 
2N425E8 3.39 
2N426E8 3.39 
ZN427E8 5.99 
ZN42BEB 4.05 


VOLTAGE 
REGULATORS 
(Seo ats9 
Linoar 1G) 

Positive = 
100 mA, 
78L05A 


7BLOSCH Bop 
7BLI2CH 8p 
JBLISCH 8p 
7BL24CH_80p 
600 mA T0202 
7805M 4p 
7812M 47» 
7815M, p 
7842M 47» 
1 Amp T0220 
7808T 3p 
78127 = 39p 
7e\8T 39 
78247 39p 
1.5 Amp TO03 


500 mA TO202 
7005M—85p 
7912M 5p 
7915M 8p 
724M 85p 
1 Amp. 70220 
708T aap 
7127 aap 
7ST 4p 
79287 aap 
41.6 Amp. TO3. 
7905K" 1.09 
72K 1.99 
718K 1.99 
7924K 9 


= Variable = 
1.200 (2A Pos) 


2.50 
LM137K 12.00 
CMOOK 1.38, 
CMBI7K 3.42 
{M31 2MP 9p 
(M3177 1.78 
KMI37K 4\60, 
LMa37MP 173 
CMg37T 1.75 
LM345K 3.60 
LM50K 4.50 
CM3O6K 13.52 


‘DESOLDERING 
PUMP 
High Quotay 
High Suction 


Aluminium 
Avusdised with 


Spare Nowe 85p 
1.0008 SOLO. 
GREAT VALUE! 


GRAPHIC 
PROCESSORS 
EF9365 62.00 
EF9366 © 62.00 


HEATSINKS 


TOS (BFYS!) 18) 
Toreiecrem, 


ep 
70220 (T1P29) 


Many othor sinks 


90 
Batteries: 
Guaranteed 
minimum 600 
‘chorgos 
vip2tt.2AH)2.10 
HP2(GAH) 4.75, 
HP7 (AH) 999, 

HP11(1.2AH) 

2.29 

Chargers 

TYPE 

Adjusted to 6 

of any HP type 

Above £15.59 

TYPE Ps 

PPS £5.50 

TYPE A: 

HP? (Up to 4 

ato time) £5.85 


QUARTZ 
CRYSTALS 

Please enquire 
about types 


200MH2 


2.0971 52MHe 
3.50 
3.2768MHe 1.50 
4.00MH2 3.00 
4.194394MHe 
2,00 
4.433619MHe 
1:10 
S,00MHz 1.75 
600M: 1:50 
6.9375MHe 3.60 
BOOMH: 1.75 
10.00MHe 
18.00MHe 
20.00MHe 1 
27.648MHe 260 
48.00MHe 1.75 
100,00MH: 6.60 
5.5 MHe 
Ceramic titer90p 


VALVES 
086 /87/802 


ecce2 
eCca3 
Ecce 
FSS 


SISRBSBSTISSSssasasseNge 


SOCKETS 
nian 

ca 
Reducer 18 
Round skt 4p 


Safety Block 
7.98 


RELAY (MINI) 
‘pole 2 way 
7B GAZ 

3.omp contac 

£2.80 


CANNON TYPE. 
AUDIO PLUGS 
(OPIN XLR) 
Maio 1.70 
Fomale 1.65 
Sockets (Chassis) 
Mole £0 
Female 2.36 


TACK PLUGS 

Hoge blcount 
fer quantity 

2a hon, 

Stn 

‘ * Moti = 
eno 

Bm Mono tp 

Biron Maa? 
ono 

Shmrm Mono ap 

Simm See, 

‘3mm Metal xf 


%oMono 2 
H°Stereo Feb 


30p 


4" Stereo 
M 


409 
Sihmm Mono! 
34mm Mano 


‘BOOKS ino VATT 
{Postine prices) 


10.50 
TTL Ona 3.98 
Data conversion 


Volt. Rog Oata 

3.95 
lotertoce Oot 

3 
Memory applic 

4 


Audio/ Radio 


handbook 3.98 


3% DIGIT 
co 
MULTIMETER 
Zamps AC OC 

ARV IOC) 
750V (AC) 
Incredible at 
3450 
(SAE hangs 
pees) 
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advertisement 


exetsor punters A 


FORMANT 

Complete constructional details of the Elektor Formant Synthesiser 
—comes with a FREE cassette of sounds that the Formant is 
capable of producing together with advice on how to achieve them. 
Price UK oo tes £5.25 Overseas.......... £5.50 


SC/COMPUTER (1) 

Describes how to build and operate your own microprocessor 
system — the first book of a series — further books will show how 
the system may be extended to meet various requirements. 
Price—UK ... eee £4.45 Overseas... ....... £4.70 


SC/COMPUTER (2) 

The second book in series. An updated version of the monitor 
program (Elbug I!) is introduced together with a number of expan- 
sion possibilities. By adding the Elekterminal to the system de- 
scribed in Book 1 the microcomputer becomes even more versatile. 
Price—UK ........ £4.75 Overseas,........, £5.00 


BOOK 75 
A selection of some of the most interesting and popular construc- 
tion projects that were originally published in Elektor issue 1 
to 8. 

Price — UK 


TV GAMES COMPUTER 

This book, provides a different — and, in many ways, easier — 
approach to microprocessors, The TV games computer is dedicated 
to one specific task, as the name suggests, This provides an almost 
unique opportunity to have fun while learning! 

Price —UK is is weues £5.50 Overseas.......... £5.75 


S18 sedi aar cas £4.25 Overseas.......... £4.50 


“elektor. 
book service 


Elen 
F PEbUshere Leg. 


JUNIOR COMPUTER BOOK 1 


For anyone wishing to become familiar with (micro)computers, this 
book gives the opportunity to build and program a personal com- 
puter at a very reasonable cost. 

Price—UK ........ £5.00 Overseas.......... £5.25 


JUNIOR COMPUTER BOOK 2 

Follows in a logical continuation of Book 1, and contains a detailed 
appraisal of the software. Three major programming tools, the 
monitor, an assembler and an editor, are discussed together with 
practical proposals for input and peripherals. 

Price—UK oo. scene £5.25 Overseas. ......-.5 £5.50 


JUNIOR COMPUTER BOOK 3 


The next, transforming the basic, single-board Junior Computer into 
acomplete personal computer system. 


Price UK a0 4.8 Hom £5.25 Overseas. ........5 £5.50 
BOOK 4 £5.25/£5.50 
300 CIRCUITS 


For the home constructor — 300 projects ranging from the basic to 
the very sophisticated, 
Price — UK 


DIGIBOOK 


Provides a simple step-by-step introduction to the basic theory and 
application of digital electronics and gives clear explanations of the 
fundamentals of digital circuitry, backed up by experiments de- 
signed to reinforce this newly acquired knowledge. Supplied with an 
experimenter’s PCB. 

Price — UK 


Overseas... secu £4.50 


Overseas... eee £5.75 


When ordering please use the Elektor Reader's Order Card 
in this issue (the above prices include p. & p.) 
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: DOUGLAS 
o VICES |! ELECTRONIC 


COMPONENTS 


OUR STAFF CANNOT RESIST TO 
SERVE YOU! 


—= 


EPS print service 


Many Elektor circuits are accompanied 
by printed circuit designs. Some of these 
designs, but not all, are also available 
as ready-etched and pre-drilled boards, 
which can be ordered from any of our 
offices. A complete list of the available 
boards is published under the heading 
‘EPS print service’ in every issue. Delivery 
time is approximately three weeks. 

It should be noted however that only 
boards which have at some time been 
published in the EPS list are available; the 
fact that a design for a board is published 
in a particular article does not necessarily 
imply that it can be supplied by Elektor. 


Technical queries 


Please enclose a stamped, self-addressed 
envelope; readers outside UK please 
enclose an IRC instead of stamps. 

Letters should be addressed to the 
department concerned — TQE (Technical 
Queries), Although we feel that this is an 
essential service to readers, we regret that 
certain restrictions are necessary: 


ANTEX Soldering Irons & Accessories 
Books Bulbs Buzzers Capacitors 
Chokes Circuit Etchant Components 
Diodes EtchingTransfers Fuses 
Heat Sinks 1.C.’s (CMOS,TTL, Linear) 
Knobs L.E.D’s Multimeters Presets 
/ , Project Boxes Resistors 
“ Relays Potentiometers 
Solder Switches 
2, Technicians Tools 
Thyristors Veroboard 


) Amplifiers Tuners 
\ Decks Cartridges & Styli 

GARRARD Spares 
ow Z 


OD Headphones 
Speakers Cable oe 


1. Questions that are not related to Microphones 
articles published in Elektor cannot be Sound to Light 
ee Audio Plugs & Sockets | 
2. Questions concerning the connec- ‘s Ne 9 enels 
tion of Elektor designs to other Aerials(T.V.and FM) 
units (e.g. existing equipment) can- 
not normally be answered. An MAINS and AUDIO 
answer can only be based on a com- LEADS (If not instock 
parison of our design specifications [ ; 
with those of the other equipment, made to order) Re es 


w 


. Questions about suppliers for com- 
ponents are usually answered on the 


etc etc etc!! 
SEND S.A.E. FOR co 


basis of advertisements, and readers 
can usually check these themselves, 
4. As far as possible, answers will be on LEAFLETS d peceee J 
standard reply forms. & PRICE LISTS an arciayCcar 
Welcome 


We trust that our readers will understand the reasons for 
these restrictions. On the one hand we feel that all technical 
queries should be answered as quickly and completely as 
possible; on the other hand this must not lead to ovetloading 
of our technical staff as this could lead to blown fuses and 
reduced quality in future issues. 


90 Wellington Street, 
Stockport, Cheshire. SK1 3AQ 


Tel:061-480 8971 
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9° 


© mano type keys 


MULLARD SPEAKER KITS 


A PURPOSELY DESIGNED 40 WATT R.M.S. 
BOHM SPEAKER SYSTEM _ RECENTLY 
DEVELOPED BY MULLARD’S SPECIALIST 
TEAM IN BELGIUM. Kit comprises a Mullard 8” 
Woofer with foam surround and aluminium 
voice coil, Mullard 3” high power dome 
tweeter, B.K.E. built and tested crossover, 
based on Mullard circuit combining low loss 
components, glass fibre board and recessed 
loudspeaker’ terminals. Recommended cabinet 
size 240 x 216 x 445 mm. 

A superb sound at a relatively low cost. 
Complete with instructions. Price £14.90 + 
£1.50 pép per kit. 


New 5” 30 watt mini version of above now avail: 
able. 
Recommended cabinet size 180 x 185 x 295mm. 


Price £13.90 + £1.00 p&p per kit. 


STEREO CASSETTE TAPE DECK MODULE. 
Comprising of a top panel and tape mechan 
ism coupled to a record/play back printed 
board assembly. Supplied as one complete 
unit for horizontal installation into cabinet or 
console of own choice. These units are brand 
new, ready built and tested 

Features: Three digit tape counter, Auto 
stop. Six piano type keys, record, rewind, 
fast forward, play, stop and eject. Automatic 
record level control. Main inputs plus 
secondary inputs for stereo microphones. 
Input Sensitivity: 100mV to 2V Input Im- 
pedance: 68K. Output level: 400mV to both 
left and right hand channels. Output Im- 
pedance: 10K. Signal to noise ratio: 45dB. 
Wow and flutter: 0.1%. Power Supply re- 
quirements: 18V DC at 300mA. Connections: 
The left and right hand stereo inputs and 
output8 are via individual screened leads, all 
terminated with phono plugs (phono sockets 
provided). Dimensions: Top panel 5'2in x 
11¥4in. Clearance required under top panel 
2Vain. Supplied complete with circuit dia 
gram and connecting diagram. Attractive 
black and silver finish 

Price £26.70 + £2.50 postage and packing 
Supplementary parts for 18V D.C. power supply 
(transformer, bridge rectifier and smoothing 
capacitor) £3.50. 


advertisement 


BK ELECTRONICS 
Prompt Deliveries 
VAT inclusive 
prices 
Audio Equipment 
Test Equipment 


dvp 1000 MONO DISCO MIXER 


A superb fully built and tested mixer/pre-amp with integral power supply. 4 
Inputs 2 turntables (ceramic cartridge). Aux. for tape deck etc., plus Mic. with 
‘override switch, all with individual level controls, Two sets of active tone controls 
(bass and treble) for Mic. and main inputs. Master volume control. Monitor output 
with select switch and volune control. 

Outputs Main 750 mV Monitor 500 mW into 8 ohms. Supply 220/240V AC50/60Hz 
Size 224” x 43" x 23” prico £39.99 + £2.50 PEP 


1K.WATT SLIDE DIMMER 


Controls loads up to 1KW. 

Compact size 

Axia 8 poe samme 
16 ee & 

Easy snap in fixing through 


panel/cabinet cut out \ = 
Insulated plastic case MEMBRANE = KEYBOARDS 


manufactured from a tough poly- 
Full wave control using 8amp Carbonate film mounted on Imm 
wiac 


glass fibre printed circuit board 
© Conforms to BS800 assembly incorporating silver plated 
© Suitable for both resistance | 


TULL 
ee 
‘oH uh Oe 
‘vane 


contacts. 
and inductive loads 


16 way numeric keyboard 
Standard keyboard providing 0-9 

Innumerable applications in 

industry, the home, and discos/ 


and A-F functions. 
theatres etc 


: 100mm x 100mm Price: 
Alpha Numeric Keyboard Full 
Price: £11.70 each + 50p P&P 
(Any quantity) 


size 56 key non encoded keyboard 
with the commonly required 
functions in a Qwerty array, Matrix 
‘output via a 16 pin DIL socket. 
Size: 350mm x 102mm Price: £13.99 + 50p p&p 
BSR P256 TURNTABLE 


P256 turntable chassis @ S shaped tone arm 
driven Aluminium platter @ 

cision calibrated counter balance @ Anti 
skate (bias device) @ Damped cueing lever 
@ 240 volt AC operation (Hz) @ Cut out 
template supplied @ Completely manual arm 
This deck has a completely manual arm and is 
designed primanly for disco and studio use 
where all the advantages of a manual arm are 


NEW RANGE QUALITY POWER LOUD- 
SPEAKERS (15'", 12° and 8"). These 
loudspeakers are ideal for both hi-fi and 
disco applications, Both the 12 and 15 

units have heavy duty die-cast chassis 


required 
Price: £28.50 + £2.50 PEP 


and aluminium 
units have white 
fitted with attractive cast 
(ground finish) fixing escutcheons 
Specificat.on and Price 


ntre domes. All three 
speaker cones and are 
aluminium 


5° 109 watt R.M.S. Impedance 80hm 


59 oz, magnet, 2 
Resonant Frequency 20Hz 
Response to 2.5KHz 


aluminium voice coil 
Frequency 
Sensitivity 97d8 


Price £32 each £3.00 Packing and Car- 


riage each 


12°’ 100 watt R.M.S. Impedance 8 ohm, 50 oz magnet. 2 
Resonant Frequency 25Hz. Frequency R 


aluminium voice coil 
jonse to 4KHz. Sensitivity 95dB. Price 


£23.70 each. £3.00 Packing and Carriage each. 


8" 50 watt R.M.S. Impedance 8 ohms, 20 oz. 1% 


aluminium voice coil, Resonant 


Frequency 40Hz, Frequency Response to 6KHz, Sensitivity 92d8. Also available with 
black cone fitted with black metal protective grill, Price: White cone £8.90 each, Black 
cone/grill £9.50 each. P & P £1.25 each 


PIEZO ELECTRIC TWEETERS 


MOTOROLA 


Join the Piezo revolution. The low dynamic mass (no voice coil) of a 
Piezo tweeter produces an improved transient response with a lower 


distortion level than ordinary dynamic tweeters. As a cro: 


over is not 


required these units can be added to existing speaker systems of up 
to 100 watts (more if 2 put in series), FREE EXPLANATORY LEAFLETS 
SUPPLIED WITH EACH TWEETER. 


SG 
TYPE 'B' 


TYPE 'D' 


TYPE 'E’ 


ST 


TYPE 'F 


TYPE ‘A’ (KSN2036A) 3” round with protective 
wire mesh, ideal for bookshelf and medium 
sized Hi fi speakers. Price £3.45 each. 


TYPE ‘B’ (KSN1005A) 3%" super horn. For 
general purpose speakers, disco and P.A 
systems etc. Price £4.35 each 


TYPE 'C’ (KSN6016A) 2” « 5’ wide dispersion 
horn, For quality Hi-fi systems and quality 
discos etc. Price £5.45 each. 


TYPE 'D’ (KSN1025A) 2” + 6” wide dispersion 
hor. Upper frequency response retained 
extending down to mid range (2KH2). Suitable 
for high quality Hi-fi systems and quality 
discos. Price £6.90 each. 


TYPE ’E’ (KSN1038A) 3%" horn tweeter with 


attractive silver finish trim. Suitable for Hi-fi 
monitor systems etc. Price £4.35 each, 


TYPE ‘F’ (KSN1057A) Cased version of type 
‘E’. Free standing satellite tweeter. Perfect 
add on tweeter for conventional loudspeaker 
systems. Price £10.75 each. 

U.K. post free (or SAE for Piezo leaflets). 


B.K. ELECTRONICS ccc: 


37 Whitehouse Meadows, Eastwood, Leigh-on-Sea, Essex SS9 5TY 


op POWER AMPLIFIER MODULES 


100 WATT R.M.S. AND 300 WATT R.M.S. 
MODULES 
Power Amplifier Modules with integral toroidal 
transformer power supply, and heat sink. Supplied 
as one complote built and tested unit. Can be fitted 
in minutes. An LED Vu meter is available as an 
optional extra. 
SPECIFICATION: 
+ 110 watts R.M.S. (OMP 100) 
10 watts R.M.S. (OMP 300) 
Loads: Open and short circuit proof, 4-16 ohms, 
Froquency Response: 20Hz — 25KHz +348, 


Sensitivity for Ma 
500mV at 10K (OM 1V at 10K (OMP 300) 


IMP 300 460 x 153 
‘OMP 110 £31.60 01 
OMP 300 £69. 

‘Vu Moter £6. 


Matching 3-way loudspeakers 
and crossover 
Build a quality 60watt RMS system Bohms 


Build a quality 60 watt R.M.S. system 
%* 10” Woofer 35Hz-4.5KHz 

%& 3” Tweeter 2,5KHz-19KHz 

%* 5” Mid Range 600Hz-8KHz 


te 3-way crossover 6dB/oct 1.3 and 6KHz 


Recommended Cab-size 26” x 13” x 13” 
Fitted with attractive cast aluminium fixing es 
cutcheons and mesi protective grills which are 
removable enabling a unique choice of cabinet 
styling Can be mounted directly on to baffle 
with or without conventional speaker fabrics 
All three units have aluminium centre domes 
and rolled foam surround Crossover com 
bines spring loaded loudspeaker terminals and 
recessed mounting panel 
Price £22.00 per kit + £2.50 postage and pack 
ing Available separately, prices on request 


12" 80 watt R.M.S. loudspeaker. 

A superb general purpose twin cone loud 
speaker. 50 oz. magnet. 2. aluminium 
voice coil, Rolled surround. Resonant fre- 
quency 25Hz. Frequency response to 
13KHz. Sensitivity 95dB. Impedance 8ohm 
Attractive blue cone with aluminium 
centre dome. 

Price £17.99 each + £3.00 P&P. 


Gir ny 


¥ SAE for current lists. % Official orders welcome. % All prices include VAT. % Mail order only. % All items packed (where 
applicable) in special energy absorbing PU foam. Callers welcome by prior appointment, please phone 0702-527572. 
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D.R. & J.G. TAYLOR 


24 Beckenshaw Gardens, Woodmansterne, Banstead, Surrey SM7 3NB, Tel. 073 73 54474 


PROJECTS 
Talking Board TMS 5100 £ 78.00 THE ELEKTOR 


Softy 2 £194.35 
Mini Organ 82020 ¢250 METAL DETECTOR 
loniser 9283 £ 15.00 
loniser Case £ 8.00 ,. 
bene Kit no. 82021. An advanced metal detecto 

Humidity Sensor 81567 £ 15.00 available in kit form to the home Gonsiris: 
Pest Pester 80130 £ 6.00 tor. Professional quality ABS vacuum 
Metal Detector Kit formed case, complete with 10: ready set 

(Complete 82021 UIs ewan ut ween eee EN eee 
Casework only 82021A £ 86.00 formance specification includes phase locked 
Meter MD1 £ 6.40 loop oscillator and discriminator circuitry 
Head only 82021B £ 28.75 giving four reject modes with ground 
Head & Pole Set 82021C £141.32 “Stectslimination, y 
T.V. Games Extended 81143 £ 60.79 
Disco Ceiling Lights 81012 £ 80.90 
Disco Light Controller 81155 £ 19.83 
LCD Frequency Counter 82026 £ 49.50 


Elektor, Boards, Books, & Software 
Test Equipment, CB and accessories — send s.a.e. for details. 


Other Elektor Kits stocked, write or phone to check availability. 
N.B. Power supplies & Cases not normally supplied with kits. 
All above prices include VAT, Postage and Packing. 


ZX Spectrum Program ‘Specman’ £ 4.00 40p for reprint of Elektor Projects 
ZX 81 Programs. ‘Gobla’ £ 3.00 35p for 82021 Circuit Modifications only 
‘Rally’ £ 3.00 Allow 28 days for delivery. 
Hours of Business Mon. - Frid. 9.30 to 5.30 
For your ZX Spectrum. Amplifier/Speaker Payment with order, cheque/P.O. only to 
Standard Mike-Ear outputs, no unplugging £ 14.95 D.R. & J.G. Taylor No 2 Business A/C 


READERS’ 
CLASSIFIED 
ADS 


We invite our readers to in- 
sert advertisements into 
our ‘Classified Section’. 


If you have something to 
sell, exchange, or buy, fill 
in this form and send it to 
us with your remittance. 


The rate (prepaid) is 20p 
per word. Minimum charge 
is £2.40 (12 words). Please 
read Conditions of Accept- 
ance on Classified ads page. 


When completing the form 
use CAPITAL LETTERS, 
one word per box. Your 
advertisement must include 
your address or telephone 
number. Please also add 
your name and full address 
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RE WHO AND WHERE 


AREA 1 


CASEY BROTHERS 
Palladium House 
Boundary Road 

St. Helens 
Merseyside WA10 2LL. 
Tel. 0744 27873 
DOUGLAS 

90 Wellington Street 
Stockport 

Cheshire SK1 3AO 
Tel. 061 480 8971 


D.I.M.E.S. ELECTRONICS 
Hobby Shop 

1/3 Ellis Street 

Peterhead 

Grampian AB4 6JR 

Tel. 0779 77515 


ELECTRONIC ASSEMBLY 
SERVICES 

Bright Street Works 

Bury, Lancs. BL9 6AQ 

Tel. 061 764 7634 


ELECTRO SUPPLIES 
6A Todd Street 
Manchester 

Tel. 061 834 1185 


ELECTROVALUE LTD. 
680 Burnage Lane 
Manchester M19 1NA 
Tel. 061 432 4945. 


A. MARSHALL (London) LTD. 


85 West Regent Street 
Glasgow G2 20D 
Tel. 041 332 4133 


PROGRESSIVE RADIO 
93 Dale Street 

Liverpool L2 2JD 

Tel. 051 236 0982 


SHUDEHILL SUPPLY CO. LTD 


53 Shudehill 
Manchester M4 4AW 
Tel. 061 834 1449 


SPECTRON ELECTRONICS 
MANCHESTER LTD. 

7 Oldfield Road 

Salford 

Greater Manchester 

Tel. 061 834 4583 


AREA 2 


CARDIGAN ELECTRONICS 
Chancery Lane 

Cardigan 

Dyfed 

Tel. 0239 4483 


CRYSTAL ELECTRONICS 
209 Union Street 

Torquay, Devon 

Tel. Torquay 22699 


DURRANT RADIO 
(COMPONENT SERVICE) 
9 St. Mary's Street 
Shrewsbury, Shropshire 
Tel. 61239 


L.F. HANNEY 

77 Lower Bristol Road 
Bath BA2 3BS, Avon 
Tel. 0225 24811 


LIGHTNING ELECTRONIC 
COMPONENTS 

18 Victoria Road 

Tamworth 

Staffs B79 7HR 

Tel. 0827 


MONOLITH ELECTRONICS 
co. LTD. 

5/7 Church Street 
Crewkerne 

Somerset 

Tel. 0460 74321 


P.A.T.H, ELECTRONIC 
SERVICES 

369 Alum Rock Road 
Birmingham B8 3DR 
Tel, 021 327 2339 


RAMAR ELECTRONIC 
SERVICES LTD. 

Masons Road 
Stratford-on-Avon CV37 9NF 
Tel, 4879 


STEVE’'S ELECTRONICS 
SUPPLY COMPANY 

45 Castle Arcade 

Cardiff CF1 2BU 

Tel. 0222 41905 


STERLING ELECTRONICS 
20 Edward Street 
Birmingham B1 2RX 

Tel, 021 236 5036 


AREA 3 


AMBIT INTERNATIONAL 
200 North Service Road 
Brentwood 

Essex 

Tel. 0277 230909 

Telex 995194 Ambit G 


AUDIO ELECTRONICS 
301 Edgware Road 
London W2 1BN 

Tel. 01 724 3564 


BASIC ELECTRONICS LTD. 
18 Epsom Road 

Guildford 

Surrey GU1 3JN 

Tel. 0483 39984 


BEST ELECTRONICS 
(SLOUGH) LTD. 

24 Crown Road 
Marlow SL7 20G 

Tel. 0628 74545 


BI-PAK SEMICONDUCTORS 
3 Baldock Street 

Ware, Herts 

Tel. 0920 61593 

CAVERN ELECTRONICS 
94 Stratford Road 

Wolverton 

Milton Keynes 

Tel. Milton Keynes 314925 


CHARLES TOWN 

89 Carrington Street 
Nottingham 

Tel. 868993 & 55489 


CRICKLEWOOD 
ELECTRONICS LTD. 

40/42 Cricklewood Broadway 
London NW2 3ET 

Tel. 01 4520161 


C.T.S. LTD. 

20 Chatham Street 
Ramsgate 

Kent CT11 7PP 
Tel, Thanet 54072 


ELECTROVALUE LTD. 
28 St. Judes Road 
Englefield Green 

Egham 

Surrey TW20 OHB 

Tel, Egham 33603 


ELEY ELECTRONICS 
100/104 Beatrice Road 
Leicester 

Tel. 871522 


J.T. FILMER 

82 Dartford Road 
Dartford 

Kent DA1 3ER 
Tel. 0322 24057 


FOREWAY SERVICES 
19 Old High Street 
Headington 

Oxford 

Tel. 0865 


FRANK MOZER LTD. 
5 Angel Corner Parade 
Edmonton 

London N18 

Tel. 01 807 2784 


G.B. GARLAND BROS. LTD. 


Chesham House 
Deptford Broadway 
London SE8 40N 
Tel. 01 692 4412 


HARRINGTON COLORVISION 


Q Queen Street 
Colchester 

Essex 

Tel. Colchester 47503 


HENRY’S RADIO 
404 Edgware Road 
London W2 

Tel. 01 723 5095 


KAYS ELECTRONICS 
195 Sheffield Road 
Chesterfield 

Derbyshire 

Tel. 0246 31696 


MAPLIN ELECTRONIC 
SUPPLIES LTD. 

P.O. Box 3 

Rayleigh 

Essex SS6 8LR 

Tel. 0702 552911 


Shops at: 

159-161 King Street 
Hammersmith 
London W6 

Tel. 01 748 0926 


and 

284 London Road 
Westcliff-on-Sea 
Essex 

Tel. 0702 554000 


BRADLEY MARSHALL LTD. 


325 Edgware Road 
London W2 
Tel. 01 7234242 


MAYDALE ELECTRONIC 
SERVICES 

2 Wellesley Parade 
Godstone Road 
Whyteleafe 

Surrey CR3 OBL 

Tel. 08832 5169 


THE MODERN BOOK CO. 
19-21 Praed Street 
London W2 1NP 

Tel. 01 402 9176 

(Elektor books only) 


NOBLE ELECTRONICS 
85A - 87B George Street 
Altrincham 

Cheshire WA14 1RN 
Tel.: 061 4510/4757 


PHONOSONICS 
22 High Street 
Sidcup 

Kent DA14 6EH 
Tel. 01 302 6184 


T. POWELL 
Advance Works 
44 Wallace Road 
London N1 

Tel. 01 226 1489 


QC TRADING 

21 Green Lanes 
Palmers Green 
London N13 4TT 
Tel. 01 889 7593 


BRIAN J. REED 
161 St. John’s Hill 
Battersea 

London SW11 
Tel. 01 223 5016 


SERVIO RADIO LTD. 
156 Merton Road 
South Wimbledon 
London SW19 1EG 
Tel. 01 5426525 


TECHNOMATIC LTD. 
17 Burnley Road 
London NW10 1ED 
Tel. 01 452 1500 
Telex 922800 


THAMES VALLEY 
ELECTRONICS 

24 High Street 
Burnham 

Bucks, SL1 7JH 
Tel.: 06286 65882 


TK ELECTRONICS 
11 Boston Road 
London W7 3SJ 
Tel. 01 579 9794 


BICC-VERO 
ELECTRONICS LTD. 
Retail Dept. 

Industrial Estate 

Chandlers Ford 

Hants. SO5 3ZR 

Tel. Chandlers Ford 62829. 
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AREA 4 


CHIP ELECTRONIC SERVICES 
37 Great William O’Brien Street 
Cork 

Ireland 

Tel, 021 502428 


WM. B. PEAT & CO. LTD. 
25/26 Parnel Street 

Dublin 

\reland 

Tel. 749973/4 


ELECTRONIC CENTRE 
16 College Square East 
Belfast BT1 6DE 

Tel.: Belfast 27357 


ELECTRONIC WORLD — 
LIMERICK 

Parnell Street 

Limerick 

Ireland 

Tel, 061 41233 


NEWBURN ELECTRONICS 
58 Manse Road 

Ballycarry 

Carrickfergus 

Co. Antrim 

Tel. 09603 78330 


INTERNATIONAL 
Australia 


FRANK MATHIAS 

715 George Street 

(opp. Rawson Place) 

Sydney 2000 

Australia 

Tel. 211 - 5003 

(Eloktor magazine, back issues and books 
only are available) 


BELGIUM 


VADELEC ELECTRONICS 
24-26 Avenue de I'Heleport 
1000 Bruxelles 

Tel, 02 2182640 

Telex 26061 


DENMARK 


BN ELEKTRONIK 
Haraldsgade 69 

DK 2100 K@¢benhavn 
Tel. 01 18 2002 

Telex 27255 bnelco dk 


BN ELEKTRONIK 
Lyngby Hovedgade 9a 
DK 2800 Lyngby 

Tel. 02 88 1900 


DANSK MINI RADIO 
Nr. Farimagsgade 

57 59 

1364 Copenhagen K 


HOBBY ELECTRONICS 
37 Nedergade 
5000 Odense 


FREDERIKSHAVE HOBBY 
ELEKTRONIK 

9 Havnegade 

900 Frederikshavn 


WK ELECTRONIC 
6 Skoletorvet 
8600 Silkeborg 


HOLTE ELEKTRONIK 
Holte Midpunkt 
2840 Holte 


LILLIE ELEKTRONIK 
89 Sondergade 
6500 Vojens 


AAGE NIELSENS EFTF 
1 Sortedam Dosseringen 
2200 Copenhagen 

Tel. 01393010 

Telex 27590 AANIL 


ROTEC 
16 Jernbanegade 
4800 Nykobing Falster 


FINLAND 


AMERTRONICS OY 
Vesijarvenkatu 33 
SF - 15140 Lahti 14 
Finland 


BEBEK ELECTRONIC KY 
Rautatienkatu 16 

SF - 15110 Lahti 11 

Tel. 918 - 40666 


BEBEK ELECTRONIC 
Pui Jonkatu 26 - 28 
SF - 70100 Kuopio 10 
Tel. 971 - 117667 


ICELAND 


SAMEIND HF 
PO Box 7150 
Grettisgata 46 
127 Reykjavik 
Iceland 

Tel, 91 - 21366 


INDIA 


PRECIOUS ELECTRONICS 
CORPORATION 

3 Chunam Lane 

Dadasaheb Bhadkamker Marg 
Bombay 400 007 

Tel. 367459/369478 

also at 

9 Athipattan Street 

Mount Road 

Madras 600 002 

Tel, 842718 


RADIO & CRAFT 
PUBLICATIONS 

376 Lajpat Rai Market 
Dethi - 110006 

Tel, 237147/269548 


INDONESIA 


INEL CO, 

din. Aceh No, 61 
Bandung 

Indonesia 

P.O. Box 398 

Tel. Bandung 59544 


ISRAEL 


ZUR ELECTRONIC 
CENTER LTD. 

1 Hagidem Streer 
Menora Square 
Jerusalem 
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DIFFUSION DU LIVRE 
FRANCAIS LTD. 

Boite Postale 3172 

35 Rue Rashi 

Tel. Aviv 

Tel. 289075 


"YAIR" 

1, Hahashmal St. 
P.O, Box 1941 

Tel Aviv 61019 

Tel, 624057/624398 


JORDAN 


GENERAL ELECTRONICS 
CORP. 

United Insurance Building 
King Hussein Street 

P.O. Box 182099 

Amman 

Tel, 24347 

Telex 21262 NADERC - JO 
Cable NADERCO Amman 


NEW ZEALAND 


WAIKATO V.H.F. GROUP INC, 
P.O, Box 606 
Hamilton 


NORWAY 


BLEKEN ELEKTRONIKK A/S 
Raadyrveien 32B 

N-3160 Stokke 

Tel. 033-36162 


OSLO HOBBYSENTER A/S 
Herslebsgt. 14-15 

Oslo 5 

Tel. 02 679050 


SCANELCO A/S 
P.O, Box 53 
N-5047 Stend 
Tel. 05 276885 


PORTUGAL 


TABACARIA BRITANICA 
Praca do Duque da 
Terceira, 19 

1107 Lisboa Codex 

Tel. 324752 


SINGAPORE 


DEVICE ELECTRONICS 
(PTE) LTD. 

104 - 1st Floor 

Singapore Electrical and 
Electronics Hardware Centre 
Maude Rd,/Kitchener Rd. 
Singapore 0820 

Tel. 2986455 

Telex. No. 33250 


S. AFRICA 


PHILTRON PTY. LTD. 
P.O. Box 2749 
Pretoria 0001 


SWEDEN 


COILTRONIC 

Box 38 

183 21 Taby 

Tel. 08 768 32 61 
Telex 15326 Elektet 


DATA SELECT ELECTRONICS 
Box 146 

S- 183 22 Taby 

Tel. 46 762 51416 


INKO’X AB 
Box 1057 
721 27 Vasteras 


JOSTY KIT, AB 
Box 3134 
200 22 Malmé 3 


KITEL DISTRIBUTION 
Box 6047 
S-162 06 Vallingby 


MICRO KIT 

Box 8060 

S-720 08 Veasteraas 
Tel. 021117079 


TURKEY 


ABC KITABEVI 
Tunel Meydani 1 
Beyoglu 
Istanbul 

Tel. 442581 
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Many Elektor circuits are accompanied by designs for power supply 79073-1 2.45 6— £74: JUNE 1981 
printed circuits, For those who do not feel inclined to keyboard p.c.b, 79073-2365 © 850 — Junior Computer 
etch their own printed circuit boards, for their own Complete set of four boards interface board 81033-1 19.05 
use only, a number of these designs are available as (9967, 79073, 79073-1, ~12 V supply 81033-2145 
ready etched and pre-drilled boards. Delivery time is 79073.2), documentation adaptor board 810333 1.30 
approximately three weeks, U.K. /air mail. and one ESS software storage scope 81141 3.80 
record (ESS 006): 26.25 62.50 
E49: MAY 1979 £75/76: SUMMER CIRCUITS 1981 
Example: Interface for uPs 79101 1.40 3,60 _—continuity tester 81151 1.283. 
ses loudspeaker peak 
digisplay (E13) 9376 3,257.26 indicator 81515 150 = 3.60 
E50: JUNE 1979 : 
1 2 3 “| 5 stereo decoder 79082 240° (6.80. Heneominumoer:gensrator:s 1623; (20 ty 
1. Circuit title £53: SEPTEMBER 1979 crystal tuning fork 81541 170 4 
2. reference to associated article(s) parametric equaliser, humidity sensor 81567, 160 4. — 
3) board number lis 0807-1 1.68 hi-fi preamplifier 81570 4:35 10.50 
UKe tone control section 9897-2. 1.65 = 4.—_ input buffers for the 
4. price (in £) inclusive of 15% VAT logic analyser 81577 2— 5.— 
Bi price|n § not fncluding tax (¥ any) Soa NOVEMBERLIO7® 
h ; ing tax (i ri 
ee 80023" 145 3.50677: SEPTEMBER 1981 
Sy eee Teed 8114319, 45 
£ $  SEWAR 80009 285 = 7, _—_ extension boa i — 
£26: JUNE 1977 steam train 80019 1.90 460 disce light controller Ab a eee fe 
‘ermertace 28) 9721-1 3,35 8.— E57: JANUARY 1980 revel son countan 81171 490 11.50 
aaaraeive eee digital barometer 81173 350 8.50 
£20: SEPTEMBER 1977 (two boards) 80021-1/2 7.05 
formant (E25, E26): new bus board (E33) 80024 585 14, , 
interface receiver g7212 1493.60 Beer. Biieoe 4180.» a0 
power supply 97213 8! — paverator ‘ 5. 
pevbonigl ies £58: FEBRUARY 1980 “aeroser 81158 1804.35 
{one octave) 9721-4 1.30 3.— aerial amplifier 80022 185 450 EPROMprogrammer «81594. «148. 38D 
elektor vocoder, wide range dark roo} 
Pols NOVEMBER! O77 bus board 1 B0068-1 gq aggq timer 82008. «2.28 ~—8.80 
formant (2B), E80): bus board 2 0068-2 * : shutter speed meter 82005 3.75 
VEO oc, 9723-1 9.80 23.60 filter board 800683 3.45  8— LCD panel meter 82011165 
experimenting with the SC/MP: input/output board 80068-4 3,207.50 
RAM-1/0, 9846-1 6,90 16.60 supply board 800685 285 7,— 
SC/MP board 9846-2 260 6 — 
E59: MARCH 1980 £79: NOVEMBER 1981 
baa prtecere aa chorosynth 80060 22.15 53— teletext 
VCR ee 97241 438 10.60 decoder board 820012 5.35 12.60 
experimenting with the E60: APRIL 1980 keyboard section 820013 3.15 7.60 
SC/MP (E31): CPU 9851a_ «12,90 31.— _—_—aide-de-camp: 12 V/2A 70438 1.10 280 sinewave oscillator ey Aan 5.— 
transistor ignition 80084 3.90 950 telephone amplifier 1.56 3.50 
£39: JANUARY 1978 power supply 99685A 140 3.50 
533: ‘ = mini organ 0 3.50 8.50 
simple ‘Gnetionisecarsten e883: 18128)» 18 £61: MAY 1980 metal detector 82021 565 13.50 
NDS et on96-4 4.20 10. —=—«BASIC cassette interface 80050 5.60 13.560 LCD frequency counter 82026 2. 5. 
UAA 180 LED voltmeter : : PWM amplifier 80085 1.50 3.50 high boost 82029 «18 450 
Junior computer: 
{two boards) ely AO." 6:80) main board 80089-1 12.60 
saperimenainawilty che display board 80089-2 1.30 
busboerd (E87), «9857 dims 980 supply board 300893 3 — E80: DECEMBER 1981 
Renney card 9863 1260 30,— 7Ocm transverter (Oct.) 80193 1260 30.— 
‘ 8 E63/64; SUMMER CIRCUITS 1980 receiver board 8201-1 4.10  10,— 
formant (E28 E33): STAMP amplifier 80543 1.40 350 —videocontrol board «820014. 4.25 = 10.— 
DUAL-VCA 9726-1 435 1050 PROM programmer 80556 385 VHF-UHE converter 
experimenting went eee Hon 
SC/MP (E31... £33): i = 
£65; SEPTEMBER 1980 thesiser VCO 82027 10:50 
HEX+1/0 e838 18.20 43.50 BK RAM+EPROM card 80120 13.18 31.60 flushing light 82038 re 
£35: MARCH 1978 capacitance meter 
formant (E25... E34): £67: NOVEMBER 1980 module 82040 c= 
LFO module 9727-1 450 11.— central heating pump 
noise module 9728-1 4— 9150 control 81019 2.55 E81: JANUARY 1982 
4k RAM card 9885 14.70 36.— fridge alarm 81024 1.45 EPROM programmer 82010 4.65. 11,— 
synthesiser VCF ++VCA 82031 4.25 10. 
E36; APRIL 1978 
formant (E25. . , £35): Paging tie 1981 
ace neds: con’ See BES low voltage board 81085-1 230 5.60 £82: FEBRUARY 1982 
cassette interface 9905 cae oe main board 81085-2245 = 6.— ene et ApSR er 
; 10W/70 cm amplifier 82043 2.50 
Late 9927 315 7.60 £70: FEBRUARY 1981 teletext power supply 820651.55 
: : voiced/unvoiced detector talking board interface 82068 1.60 
detector board 810271 3.40  8.— darkroom thermostat. 82069 2.— 
39/40: SUMMER CIRCUITS 1978 ‘ r 
BaConseREnt 3064 208 860 switch board 810272 4.05 —9.60_—_universal NiCad charger 82070 2.05, 
£41: SEPTEMBER 1978 
£71: MARCH 1981 
TOA se 9884 MW receiver tit 1.95 4.50 £83: MARCH 1982 
Se CE emma ie nT wind sound generator 82066 ~—‘1.60 
generator 81112 205 5.— eunematig our 82077 1.90 
£42: OCTOBER 1978 High Com: oui ester hess 
resonance filter module 9951 445 10.50 2 complete modules Synthesler power supply 82078 3.70 
VHF/UHF modulator 9967 155 4 (built and tested) DNA noise reduction 82080 2.88 
d 65 7.70 18.6 1 35. — 
BSCIKeyPoan # power supply 811172 205 
; UAA LED voltmeter 
Le ea 750 18.— (2 boards) 9817 270 650 £84: APRIL 1982 
peak programme meter 9860 2— — B— —_dynamlo RAM card 1160 
y amplifier pas 
Leite 100 W power supply 5.50 
UHF/VHF modulator E72: APRIL 1981 2114 RAM tester 4.50 
(see £42, October 1978) 9967 1.55 4— transistor matchmaker 81123. 1.75 Qs Conhection tester 3.50 
main board and intelokt 81124 5.65 13.60 mini EPROM card 4.50 
documentation 79073. 19.95 47.50 universal power supply 81128 2.45 6.— TV sound interface 4,50 


ORDERING INFORMATION Payment must be in advance, 


1. For UK and all countries except the USA: payment, incl. £ 0.50 postage and packing direct to Elektor Publishers Ltd., or via bank transfer 
to The Midland Bank Ltd., Canterbury, A/C no. 11014587, sorting code 40-16-11. 

2. For the USA only: Please make your cheque/money order payable to Elektor Publishers Ltd., Bank of America, c/o File No. 1504, 
1000 W. Temple, Los Angeles, Cal. 90074, A/C no. 12350-04207. Prices include post & packing, surface mail. If air mail, please add $ 1.50. 
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E85: MAY 1982 


6502 housekeeper £89: SEPTEMBER 1982 £92: DECEMBER 1982 
main board 81170-1 4.05 rugby MSF receiver 80524 580 15— _ in-car ioniser 
display board 81170-2 3.05 darkroom computer part | power supply 82162 1,50 
elektor artist 82014 10.05 keyboard 82141-1 3.75 9— main board 9823 4.20 
280-A CPU card 82105 7.08 keyboard interface 82141-2 2,— 5.— precision power supply 82178 4.05 
polyformant: display 82141-3 2.25 5.50 triopodus electrus diclopus 82179 2.95 
debounce unit 82106 2.45 = 6.— _gas detector 82146 1.60 4.— crescendo 82180 4.60 
input unit 82107 4.65  11.— _ house telephone system: 
tune shift 82108 2.75 6.50 main board 821471 3,— en 
prop-tachometer 82116 2.10 5.— power supply 82147-2150 3.50 
three phase tester 82577 2.70 650 NEW 
TV games: 
E86: JUNE 1982 ‘rapid loader’ 82558-1 3.45 8.— E93: JANUARY 1983 
the ‘Poly bus’ 82110 3.35 8.—  EPROMplug-in board 82658-2195 4.50 3A computer 
talking Block 82121 3.15 7.50 power supply 83002 185 4.50 
compact shortwave milli-ohmmeter 83006 1,90 4,50 
SSB receiver 82122 5,— 12, &90: OCTOBER 1982 crescendo 
fluorescent tube dimmer 82128 1.60 4.— darkroom computer part 11 d.c. protection and 
solid state relay 82131 1.55 350 —ight meter 821421 1.75 countdown 83008 3 — 
electronic dog whistle 82133 1,50 3,50 temperature meter 82142-2 1.60 
electronic fluorescent apiocess men 821423 2.— 
igh’ r —_ ig 
light starte 82138 1.35 3. ea wis Vee 
power supply 82144-2 1.55 
: digital thermometer 82156 2.15 — 
Ber /80) SUMMER CIRCUITEN 282 wave shifter for SSB: 
ateut unit 82111 4.70 ____ low frequency converter 82161-1 2.05 5.— 
By ALeERUUEOE B2112«1.90 : high frequency converter 82161-2 2.30 5.50 
stereo power amplifier 82527 1.60 
light-sensitive switch 82528 = 1.60 £91: NOVEMBER 1982 
tape playback preamp 82539 «1.60 model train lighting 82157 4.05 9.50 
sound effects generator 82543 2.40 floppy disk controller 82169. 4.70 11,— 
slave flash 82549 1.45 guitar tuner 82167 2.20 5,— 
5 V power supply 82570 2.20 cerburus 82172 2.36 5.50 


front panels for Formant (E25 ,, . E35) simple function 

interface 9721-F 1.60 4— generator (E33, E38) 9453-F 2.50 
vco 9723-F 1.60 } ; 
VOR 9724-F 1.60 Elektor Artist (E85) 82014F 1.70 
A 9725-F 1.60 — 

DUAL-VCA 9726-F 1.60 — rion” popeumeely 82178F 

LFOs 9727-F 1.60 —_ n20, 
NOISE 9728-F 1.60 — 

COM 9729-F 1.60 4— 


Complete set of 11 panels (includes 3 x VCO and 
2x ADSR): £ 15.80 or $37.50 


24 dB VCF (E41) 9953-F 1.60 4— 
resonance filter 
module (E42) 9951-F 1.60 4— 


45 RPM records with uP programs cassette with uP programs 
singing SC/MP: well- uP TV games: 
known Christmas programs: jackpot, 
melodies, both as Ess002 1.40 3.60 _reversie, amazone, ae I 
SC/MP program and code breaker, etc. 
live uP TV games 
415 programs: invaders, 
NIBLE na ESS004 140 3.60 fgynrosrams: oe ESS009 6.25 12.50 
Bacieth Peneynley ess00s 220 550 ac oomn™ 
runtext, biorhythm " : % 
tracer, disassembler NEW up TV games 


15 programs: aliens, 
flipper, helicopter, pilot, FESS 010 5.25 12.50 
basketball, hangman etc. 


ORDERING INFORMATION Payment must be in advance. 


1. For UK and all countries except the USA: payment, incl. £ 0.50 postage and packing direct to Elektor Publishers Ltd., or via bank transfer 
to The Midland Bank Ltd., Canterbury, A/C no. 11014587, sorting code 40-16-11. 

2. For the USA only: Please make your cheque/money order payable to Elektor Publishers Ltd., Bank of America, c/o File No. 1504, 
1000 W. Temple, Los Angeles, Cal. 90074, A/C no. 12350-04207. Prices include post & packing, surface mail. If air mail, please add $ 1.50. 
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Classified ads 


CONDITIONS OF ACCEPTANCE OF CLASSIFIED ADVERTISEMENTS 


1. Advertisements are accepted 
subject to the conditions appearing 
on our current rate card and on the 
express understanding that the 


Advertiser warrants that the advert- 
isement does not contravene any 
Act of Parliament nor is it an in- 
fringement of the British Code of 


Advertising Practice. 


2. The Publishers reserve the right 
to refuse or withdraw any advert- 
isement. 


3. Although every care is taken, 
the Publishers shall not be liable for 
clerical or printer’s errors or their 
consequences. 


FANTASTIC OFFER. 200 assorted top 
specification IC’s in manufacturer's tubes 
plus 10 red LED's and 2 optoisolator IC‘s 
(worth £ 2.50 alone) plus 44 page Catalogue 
no. 19 packed with thousands of bargains 
for those with electronic and mechanical 
interest. 

Price £6.00 including VAT and postage. 
J.A. CREW & CO., SPINNEY LANE, 
ASPLEY GUISE, 

MILTON KEYNES MK 17 8JT. 


R & B ELECTIQUE. 


TN4007. oa oot astm sae senmenes Os £0.06 
BC 109C . . £0.13 
TIP 3055 . £0.59 
2N3053 .. £0.25 
Prices each. 

Postage & Packing .......... £0.50 


R & B ELECTIQUE, 
3, Shute End, 
Wokingham, 

Berks. RG11 1BH. 
MAIL ORDER ONLY. 


PARAPHYSICS JOURNAL (Russian trans- 
lations): Psychotronic Generators, Kirliano- 
graphy, gravity lasers, Telekinesis. Details: 
S.A.E. 4x9" to PARALAB, DOWNTON, 
WILTS. 


PRINTED CIRCUITS. Make your own 
simply, cheaply and quickly. Golden Fotolak 
Light Sensitive Lacquer — now greatly im- 
proved and very much faster. Aerosol cans 
with full instructions £2 25. Developer 35 p. 
Ferric Chloride 55 p. Clear Acetate sheet for 
master 14p. Copper-clad Fibreglass Board 
approx. 1mm thick £1.75 sq. ft. Post & 
packing 60 p. 

WHITE HOUSE ELECTRONICS, 

P.O, BOX 19, 

PENZANCE, CORNWALL. 


4. The Advertiser’s full name and 
address must accompany each 
advertisement submitted. 


The prepaid rate for Classified 
Advertisements is 20 pence per 
word (minimum 12 words). Semi- 
display setting £5.50 per single 
column centimetre (minimum 2.5 
cms.). All cheques, postal orders, 
etc. to be made payable to 
Elektor Publishers Ltd. Treasury 
notes should always be sent by 
registered post. Advertisements, 
together with remittance, should be 
sent to the Classified Advertisement 
Manager, Elektor Publishers Ltd., 
10 Longport, Canterbury, Kent 
CT1 1PE. 


EXPERIMENTER’S PRINTED CIRCUIT KIT 
Build 50 Interesting Projects on a Printed Circuit Chassis 
with parts from your ‘Junk-Box'. 4 assorted Boards, 
Resist, Etchant, Solvent, Degreaser, Instruction Manual, 
plus '50 Suggested Projects’ Circuits, Chassis Plans, Part 
Layouts for Radio Receivers, Transmitters, Amplifiers, 
Alarms, Instruments, Testers, Radio Control, Gadgets 
etc. Price: £ 2.50 Post & Pack, 50p. 
PHOTOELECTRIC ALARM KIT 
Phototransistor, Transistors, Diode, Relay, Resistors, 
Chassis & Case. Price: £ 4.50 Post & Pack. 50p. 
INVISIBLE-BEAM OPTICAL KIT 
for the above 2 lenses, 2 mirrors, 2 wooden blocks, 
Infra-red filter, lamp holder etc. Price: £3.70 Post & 
Packing 30p. 
Send S.A.E. for full details of all kits & circuits. 
PERIMENTAL ELECTRONICS 
335 Battersea Park, Road. London S.W.11 
tel. 01-720-2683 


NEW COMPONENT SALE 

ITT BC 183 Transistors 4peach 10 for 30p 
ITT 1N4002 Diodes 3peach 10 for 25p 
OPTRON TYPE OP10 INFRA RED DIODE. High out- 
put power, Spectrally and mechanically matched to the 
OP500 and OPSOOSL series photo transistors. Stable 
characteristics. Usually over £1, Our price 40p each. 
3 for £1, Data sheet if required 10p extra, BRIOGE 
RECTIFIERS. (Philips). 400 PIV at 4 amp. Well made. 
Should be over £2 each. Our price 90p p.p. 20p. 


RIDICULOUS RESISTOR SALE 

% watt carbon film resistors, 5% tol. High quality re- 
sistors made under exacting conditions by automatic 
machines, E12 range 1RO to 10MO. Lot A. 1000. (25 
per value), £8, Lot B. 500 (25 per value) £4.25. Lot C 
100 (25 per value) 90p. Orders over £5 post free. 
Otherwise postage 15p in £1. 

1000 PCB type RESISTORS. £2.50. Bulk purchase en- 
ables to offer 1000 mixed preformed. 5% tol. carbon 
film resistors for PCB mounting, Huge range of pre- 
ferred value £2.50 per 1000, 4000 for £8. Postage 15p 
in £1. Huge range of preferred valves at £2.50 per 1000. 
4000 for £8, 


HAVE YOU SEEN THE GREEN CAT? 1000s of new 
components, electronic, radio, audio at unbelieveble 
low prices. Send 50p (refundable) and receive catalogue 
and FREE RECORD SPEED INDICATION. Try a 
JUMBO PACK, Contains transistors, resistors, caps, 
pots, switches, radio and electronic devices. Over £50 
worth for £11. Carriage £2.50. MINI JUMBO PACK 
(£20 worth) for £5 p.p. £1.50. 3 
PLEASE ADD 15V.A.T. to all orders including carriage. 
Dept. E. K. MYERS ELECTRONICS, 12, Harper Street, 
Leeds LS2 7EA. Opposite Joe Corals Callers welcome. 
9 to §. Mon-Sat. Lunch 2.15 to 3.15 Tel. 452045. 


advertisers__ 
index 


Ambit International ........ 1-13 


Amtron U.K. Ltd. 1-13 
B.K. Electronics ........... 1-68 
Bradley Marshall...........% 1-12 
CIDIShSa op dvogn aaran amarcteren 1-10 
Cricklewood Electronics . . 1-64/1-65 


Douglas Electronic Components 1-67 
Electrovalue Ltd. ........ .. 1-09 


Gemini Electronic Components . 1-10 


Map littiesxs: i. ccthna ua atetoseeiyne . 1-76 
Marshalls: 9:44 on. Aatieci 1-10 
Te Powell! .4.0toog. swenexeseds 1-16 


Southern Technical Systems ... 1-14 


DR&JGTaylor........... 
Technomatic .......... 
Thames Valley Electronics ... 
Thandar Electronics Ltd. . ‘ 
TK Electronics............ 


ALARMS! 

WRITE OR PHONE FOR FREE 
ILLUSTRATED CATALOGUE NOW! 
A.D, ELECTRONICS 
217, WARBRECK MOOR, AINTREE 


LIVERPOOL 
| L9 OHV, 051 523 8440 


THE BRITISH AMATEUR ELECTRONICS CLUB 
The British Amateur Club for all interested in 
electronics —4 Newsletters a year, comprehensive 
technical library, help with electronics problems. 
Subscription £ 4.50 in U.K. Overseas apply. 

For details send S.A.E. to 

Hon. Sec. J.G. Margetts, 

3 Bishopstone Close, Golden Valley, 

Cheltenham, Glos. 


Photocopies of articles can be obtained from out of 
print back issues of Elektor. 
Send details of the name of the article required and 


the number of the back issue concerned, your name 
and address plus 50p per cost of article and 20p for 
postage and packing. 
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Classified ads 


Remember to try us for ALL your component requirements | 


| CMOS bail TTL contd. TTL LS contd. | OPTO OPTO contd. Transistors & | 
Diode: 
| 4001 13p | 7400» 13p | 74173 60p 7419162 35p | LEDs DISPLAYS ‘aot ; | 
| 4002. -13p | 7401 = 13p. |74174 ~~ 0p | 748163 35p | 0.2” Bar Graph 295p P 
4006 60p | 7402, 13p | 74175 0p | 74LS164 45p | Red ee IN4007 6p 
7403 13p | 74180 50p |74LS165 50p 5 IN5401 13p | THAMES VALLEY ELECTRONICS LTD | 
4007 13P | 7404 13p |74190 Op | 748168 Gop | ST" 14P Common Anode | is4oa 16 
4008 = 50P | 7405 = 14p | 74191 GOp|74LS169 6Op | Flashing L.H.decimal point | inj5496 16p| CAPACITORS 
4010 30p|7406 20p | 74192 70p|74LS170 70p | Red 82p Red 150p Tant Beads 16v 
Pp 1N4148 3p 
4011 13p | 7407 24p | 74193 60p |74LS173 40p | Rectangular Green 248P | inj914 3p | -duf 11p 6.8uf — 18p 
4012 13p| 7408 14p |} 74194 = 60p|74LS174  45p | LEDs Yellow 260p Pl 22uf 11p 10uf 18p 
4013 2a | 7409 14p | 74195 46p|74LS175 45p | Rea 22p IN916 5p] 47uf 11p 1Suf — 30p 
4014 50 7410 14p | 74196 46p |74LS181 110P | Green 26 Common Cathode | BZY88C2V7 8p|1.0uf 1p 22uf 35p 
P}7411 = 14» | 74197 50p|74LS190 45p RH. decimal point | gzyggc3v3 2.2uf 14p 33uf — 48p 
4015 45p | 7412 18p | 74221 75p|74LS191  45p| Yellow 22p Red 150p | Bz vaecave 33uf 14p 47uf —_80p 
4016 25p | 7413 22p | 74279 4Up|74LS192  45p | Bi-Colour Green 248p | azvagcav7 4 80 68 On 
4017 40p | 7414 26p | 74200 60p/74LS193 4Gp| Red/Green BOP Yellow — 260p | az yaacavg g.| Tant Beads 35v 
4019 35p | 7416 = 18P | 74298 = 6OP|74LS194 50p | 9.125” oe Jluf—13p-1.00uf- 15p 
4020 48p | 7417 220 /————17415196 35p| req lip 3” Rae ‘Suf 13p 15uf — 15p 
4021 46p | 7421 20p } 7418197 50P| Green 12p Red 127 | gzygeci5 eeu le eau gp 
4022. 55p | 7425 20p | TTLLS 74.8240 70P} Yellow 12p Green 196p .33u p 3.3u p 
4023 13017428 27 7418241 70 BC107 A7uf  13p 4.7uf 0p 
B P| 74800 14p P BC107A/B 68uf 13p 6.8uf  20p 
4024 42p 1427 15p | 74LS01 14p|74LS244 70p TOGGLE BEIDEAIBNG : O.0uf_27p 
y 7430 15p | 74LS02 14p| 74LS245 80; : 
aoe Ae 7432 18p | 74803 14p | ar go47 605 LINEAR SWITCHES BC109A/B/C Plate Ceramics 63v 
7437 18p | 74804 14p| 41 go49 40 | AM2533 280p SPDT 48p BC182 10pf Sp 47pf 5p 
4028  40p | 7438 «= 18p | 74L805 4p p 100pf 5p 220pf 6p 
4029 60p| 7439 -24n | PaLSOB  145|74LS251 40p| M324 45p on/none/off | BC183 BOS AS 
4030 13p| 7440 16p | 74LS09 14p| 74LS253 35p iyaey op SPTD 52p ele Disc Corarnics 
4035 66p| 7442 = 24p | 74LS10 14p|74LS256 55p| LM358 75p en/off/on Bc21 0150v 2p 150 5 
4040 50p| 7445 = 50p | 74811 14p| 741.8257 40p| M3900 55p BCY70 
4042 40p | 2448 = 88 | 74LS13_21p| zqLg25g 4op| LM317 200p BCY71 ECIAL 
P) 7447 5p | 74LS14 21 F4reoeg ggp|MC1438 ©8109 | ~PPDT S6p_— | Bcy79 SP 
4044 46p| 7448 = 55p| 74LS15  14p P| mc1458 40p on/none/off | gry5o FER 
4047 50p | 7450 15p | 741820 14p|74LS260 30p| A 61 DPOT 60p | BrYs1 OF 
4049. 20p | 7451 15p | 74LS21  14p| 74LS266 22p Pp - 
4050 20p| 7453 15p| 741826 14p| 74273 GOp| MC1489 80p | _on/off/on____ BFY52 
4051 50p | 2454 ~—-15p | 74LS27 14p| 7415279 40p| MC1496 60p TIP29/A New Item 
tore ae 7470 30 | 741828 22P| 741263 40p|MC3418 810 SPECIAL | tie3o/a UNIVERSA( 
4053 60p | 7473 deo | Sargey 142 | 74Ls290 aap] NESS6 ——30p | av 3055 10 for asp | TIPSI/A UNIVERS! 
4066 28 | 7474 ~—«- 2p | 74133 14p| 74LS293  34p| NESSB 61P | Micro’s Memories | !P32/A CHARGER 955p 
4067 447p | 7475 —-23p | 74LS37 19p| 74LS295  52p| TBAB00 88p & Specials TIP/A1A . 
4069 13p 7476 22p | 74LS38 — 14p| 74L.$299 111p| TBA8IO 95p Z80ACPUPS550p TIP42/A while stocks last only , 
7483 47p | 74LS40 19| 7415322 gop | TBA820 90p | Zg0AcTCPS440p | 2N708 24p |) Resistors Carbon Film % watt 
4070 13 | 7485 ~~ 60p | 74842 40) S » Pp LOW VALUE PACKS 
4071 13p| 7486 25» | 74847 44p| 7448323 130p ae ae Z80APIOPS 440p eo, zl) (easter ae 
4076 50p| 7490 = 26p| 74LS48 44p| 74LS347 55p TDA2002V a Z80ADARTPS 2N2219/A (mixed values) 100p 
4081 13p | 7491 45p | 74LS51_ —- 14p| 74LS352 60p 0: Pp 550p 222 Pack of 2000 
4086 45p | 7492 38 | 74LS54—14p| 74363 GOp| 1DA2020— 320P | Zgoasiops 440p | 2N2221/A (mixed values) 300p 
4093 30p | 2493 = 28P | 74LS74 18) 74LS365 30p| FLO7ICP = 32 | gogo 336p | 2N2222/A Siar values 
4098 70p, | 2498 ~—-50P | 74883 42p| Jai g3gq 35p|TLO7ZCP 3p | go3sHL 5 00p | 2N2904/A ack of 1015p 
P| 7496 45p | 74/886 14p TL497 300p 2N2905A pack of 100 100p 
4503 42p| 74107 25p| 74LS90 30p| 74LS367 30p 8085A4 = 500p 2N2906. 
N: A 
4510 52p| 74121 20p | 74/892 30p| 74LS368 30p ae ee 8202A 2200? | 52907 P \Low Profile DIL sockets 
4511 4p | 74122 35p | 74LS93 30p| 74LS373_75p 70P | 8253 780p | 33053 Spin 8p 24pin 1p 
4512 50p| 74123 40p | 741895 40p| 74LS374 75p| VA7805 45p | 255 299p 14pin  9p_-—-2Bpin—-25p 
74125 — 38p | 74LS109 40p| 74 UA7812 45p | 3951 310p | 23055 f 40pi 
4516 60; v 74LS375 40p Ip Bein 1p Opin 28p 
51 p 2N3442 
a51840p| 94138 $88 | 448112. SOP nacsar7 rm) YATES —S40| wra0 5p | 292 
‘ P s ip UA7912 54 
4520 60p | 74145 = 60p | 7418125 28p| 7418378 60p) | 370 8228 250p | 513716 BARGAIN OFFER 
4528 64p| 74150 90p | 7418126 28p| 74LS379 6Op| HAE ICL7106 795p 2732 250ns 
4539 64p | 74151 40p | 74LS132 40p| 74LS390 0p] ULN2003AN 100p | 1cL7107 975 off 520p  10off 470p 
4555 45p | 74183 48P | 7418133 25p| 7418393 60p} | 2732A-4 5 20p Plus Postage & Packing 45p 
4556 45p | Jayes 465 | sareise 4ob| 74L8395 48p 2114A(450ns) Please add VAT at 15% 
40014 50p| 74157 35p | 74/8139 30p 74LS447 45p) Bridge Rectifiers 100p |‘D’ TYPE Government and Educational 
40085 70p| 74158  30p|74LS151 40p| 74LS490 G4p) 50v1.5A = 23p | 2716 340p wanna" a establishments orders accepted 
40097 60p | 74161 45p | 74LS153 40p| 74LS502 80p| 200v1.5A 22p | 2764 1592p ml. fm GST a a 
40098 60p | 74163 45p | 74LS155 45p/ 74LS503 90p| 400v1.5A 30p | M108 single chip | 9 58p 78p Moving PREMISES 
40161 5p | 74164 60p | 74LS156 45p| 7418533 80p| 60OV1.5A 32p| organ 1330p | 15 781.120 
40163 55p | 74165 S5P aareiee aie 74LS534 80p| 800V 1.54 35p 25 1.10p. 1.60p Nov.1 Ist.198 1982 
40175 60p | 74167 1205| 74LS160 aop| 74LSB40 _80p MO86 Tone 371.149 280 
40193 60p! 74170 120p! 74LS161 35p! 74LS670 100p generator 300p! 50 = 1.97 3.02p 


PHONE US TO CHECK AVAILABILITY OF COMPONENTS 


Thames Valley 32 Mish Street 


Burnham:-Bucks a 


MENTIONED IN THIS ISSUE 


Telephone Bu nham| / 


electronics Lic (06286)65882 wer 


THE NEW 
MAPLIN 
CATALOGUE 
FOR 1983 


BRINGS YOU 
RIGHT UP- 
TO-DATE IN 
ELECTRONICS 
& COMPUTING 


Nearly 400 pages of all the most useful 
components and a whole big new section 
devoted to home computers and personal 
software. As always the catalogue keeps you 
up-to-date with the latest technology — even 
our ordinary miniature resistors are now 
superb quality 1% tolerance metal film, yet 
they’re still only 2p each. As well as our usual 
quality products at low prices, now we're 
offering quantity discounts too. So pick up a 
copy of our catalogue now — it's the biggest 
and the best! 


Send now for an 


Post this coupon now for your copy of our 1983 | 
catalogue, price £1.25 + 25p p&p. If you live outside the 
UK send £1.90 or 10 International Reply Coupons. 


| 

I | enclose £1.50. 

| ae | 
| 


application form — then buy 
it with MAPCARD. 
spending power — up to 
24 times your monthly 
ELECTRONIC SUPPLIES LTD 
Telephone: Southend (0702) 552911/554155 
Shops at: 
Lynton Square, Perry Barr, Birmingham. Telephone: (021) 356 7292 
284 London Road, Westcliff-on-Sea, Essex. Tel: (0702) 554000 


MAPCARD gives you real 

payments, instantly. 
P.O. Box 3, Rayleigh, Essex SS6 8LR. 
159-161 King Street, Hammersmith, London W6 Tel: (01) 748 0926 
All shops closed Mondays 
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